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(57) ABSTRACT

A method for immunosuppression 1n a subject comprising
administering to the subject 1n need thereof, a pharmaceu-
fically effective amount of at least one sulfoquinovosyla-
cylglycerol derivative represented by General formula (1-1):

(1-1)

° Ll
OH o—(‘:—(g—(‘:—ﬂ
OH & ORW? Rio1
OH

wherein R,,, represents an acyl residue of a higher fatty
acid, and R, ,, represents a hydrogen atom or an acyl residue
of a higher fatty acid; and a pharmaceutically acceptable salt
thereof. Of the sulfoquinovosylacylglycerol derivatives,
B3-sulfoquinovosylacylglycerols are novel compounds. The
present invention also relates to pharmaceutical composition
comprising a pharmaceutically eifective amount of the
B-sulfoquinovosylacylglycerols and/or 1ts pharmaceutically
acceptable salt; and a pharmaceutically acceptable excipient.
The pharmaceutical composition may be used as an 1mmu-
nosuppressive agent, anticancer agent and DNA polymerase
¢ 1nhibitor.

29 Claims, 4 Drawing Sheets
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SULFOQUINOVOSYLACYLGLYCEROL
DERIVATIVE, AND USE THEREOF AS
MEDICAMENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a Continuation-in-Part Application of U.S. patent
application No. 09/258,617, filed Feb. 26, 1999, now

abandoned, and PCT Application No. PCT/JP00/01231,
filed Mar. 2, 2000, which was not published under PCT
Article 21(2) in English.

This application 1s based upon and claims the benefit of

priority from the prior Japanese Patent Application No.
11-065208, filed March 11, 1999, and 11-176881, filed Jun.

23, 1999.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to a novel immunosuppres-
sive agent. More specifically, the present invention relates to
a novel immunosuppressive agent containing, as an effective
ingredient, a certain o/p-sulfoquinovosylacylglycerol
derivative and/or a salt thereof.

The present 1nvention also relates to an anticancer agent,
and 1n particular to an anticancer agent comprising, as an
ciiective ingredient, a certain 3-sulfoquinovosylacylglycerol
derivative and/or a salt thereof.

Further, the present invention also relates to a DNA
polymerase <o 1nhibitor comprising, as an elfective
ingredient, a certain [3-sulfoquinovosylacylglycerol deriva-
tive and/or a salt thereof.

The [-sulfoquinovosylacylglycerol derivatives that are
the effective ingredients of the anticancer agent, immuno-
suppressive agent and DNA polymerase o inhibitor of the
present invention, are novel compounds. The present inven-
fion also relates to the novel 3-sulfoquinovosylacylglycerol
derivatives.

2. Description of the Related Art

In clinical treatment presently performed, transplantation
can be employed to treat chemotherapeutically untreatable
diseases. Transplantation 1s the technology for treating a
disease by replacing partly or entirely of a diseased organ
with a healthy organ taken from another individual. Organ
transplantation has been performed with respect to a wide
variety of organs such as kidney, liver, lung, intestine, heart,
pancreas, and cornea. The number of organ transplantations
has been 1ncreased.

The immune response of skin 1s inherently high.
However, skin transplantation can be made successtully if a
oralt skin transplanted from one person to another can be
kept alive for at least a few weeks. This 1s because new
dermal tissue, if a graft epidermis i1s kept alive for a few
weeks, can regenerate itself, thereby recovering from a
dermal tissue damage. Therefore, 1t 1s possible to make
physical recuperation of serious and extensive burn or
laceration by transplanting a dermal tissue from another
person.

The most fearful problem residing in tissue or organ
transplantation 1s a rejection caused by a recipient’s immune
response.

Under these circumstances, 1n order to develop an immu-
nosuppressive agent capable of preventing the rejection 1n a
recipient, thereby attaining permanent fixation of a trans-
planted organ, 1ntensive studies have been conducted since
the 1970s, particularly in European countries and U.S.A.
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On the other hand, an immunosuppressive agent may also
be 1important in treating autoimmune diseases such as rheu-
matism and collagen disease, since 1t can mitigate the
symptoms to a certain degree.

Up to the present, cyclosporin A and FK506, etc., have
been developed as immunosuppressive agents. However, the
functional mechanisms of these 1mmunosuppressive agents
resemble each other and their chronic toxicity 1s a matter of
concern. Thus, to attain prolonged life 1n next-generation
organ transplantation, another type of immunosuppressive
agent 1s desired which has a lower toxicity based on a
different chemical structure, and thus, different functional
mechanism can be expected.

It has been found that naturally-occurring sulfur-
containing glycolipids have pharmaceutical activities such
as an anticancer effect (Sahara et al., British Journal of
Cancer, 75(3), 324-332, (1997)); inhibitory activities
against DNA polymerase (Mizushina et al., Biochemical
Pharmacology, 55, 537-541 (1998), Ohta et al., Chemical &
Pharmaceutical Bulletin, 46(4), 1998)); and HIV suppres-
sive effect (National Patent Publication No. 5-501105).
However, it has not yet been found that a sulfur-containing
oglycolipid, 1n particular, a sulfoquinovosylacylglycerol
derivative, has an immunosuppressive activity.

Further, almost all of the sulfoquinovosylacylglycerol
derivatives described in the documents are derived from
natural products. Thus, the bonding between the sugar
moiety and the glycerol moiety 1s an a-configuration. A
B-sulfoquinovosylacylglycerol 1n which the bonding
between the sugar moiety and the glycerol moiety 1s a
3-configuration, has not yet been known.

BRIEF SUMMARY OF THE INVENTION

An object of the present mnvention 1s to provide a novel
immunosuppressive agent. More specifically, the object of
the present invention 1s to provide an ImMmMunoOSUPPressive
agent showing low toxicity and usability of long-term
administration, and high immunosuppressive activity as
well.

Other objects of the present invention 1s to provide a novel
anticancer agent and DNA polymerase o mhibitor.

The present mnventors have conducted studies to attain the
aforementioned object. As a result, they found that specific
sulfoquinovosylacylglycerol derivatives have a remarkable
immunosuppressive activity and accomplished the present
invention. The present invention provides an 1mmunosup-
pressive agent containing, as an active ingredient, at least
onc compound selected from the group consisting of:

compounds represented by Formula (1-1):

(1-1)

N
OH O <‘: C—C—H
Los b
OH OR;py 1
OH

where R, represents an acyl residue of a higher fatty
acid, and R,, represents a hydrogen atom or an acyl
residue of a higher fatty acid, and

a pharmaceutically acceptable salt thereof.
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The present invention also provides an anticancer agents
and DNA polymerase o inhibitor containing, as an active
ingredient, at least one compound selected from the group
consisting of:

compounds represented by Formula (1-2):

(1-2)
T H
HO—S—C—H ﬁl ﬁl H
(l O T C—C—H
OH H ng?le
OH
OH

where R,,, and R,,, have the same meaning as R,
and R4, 1n General formula (1-1), respectively, and

a pharmaceutically acceptable salt thereof.

The [(-sulfoquinovosylacylglycerol derivatives repre-
sented by General formula (1-2) mentioned above are novel
compounds. The present invention also provides the
3-sulfoquinovosylacylglycerol derivatives represented by
General formula (1-2).

Additional objects and advantages of the present mven-
tion will be set forth 1n the description which follows, and
in part will be obvious from the description, or may be
learned by practice of the present invention. The objects and
advantages of the present invention may be realized and
obtained by means of the mstrumentalities and combinations
particularly pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 shows the relationship between the concentration

of the compound (SQAG 3) represented by Formula (1-1)
and the 1mmunosuppressive activity;

FIG. 2 shows the relationship between the concentration

of the compound (SQAG 5) represented by Formula (1-1)
and the 1mmunosuppressive activity;

FIG. 3 shows the relationship between the concentration

of the compound (SQAG 7) represented by Formula (1-1)
and the 1mmunosuppressive activity; and

FIG. 4 shows the relationship between the concentration

of the compound (SQAG 9) represented by Formula (1-1)
and the 1mmunosuppressive activity.

FIG. 5 is a "H NMR chart of 2,3,4-tri-O-benzyl-1-O-(2-
propenyl)-p-D-glucose of the formula (VII), which was
produced 1 Example 1 which will be described later; and

FIG. 6 is a '>C NMR chart of 2,3,4-tri-O-benzyl-1-O-(2-
propenyl)-p-D-glucose of the formula (VII), which was
produced 1n Example 1 which will be described later.

DETAILED DESCRIPTION OF THE
INVENTION

In the specification, the term “carbon atoms” of a pro-
tecting group refers to the number of carbon atoms assuming
that the protecting group 1s unsubstituted. To be more
specific, when the group represented by R° is a substituted
alkyl group, 1ts number of carbon atoms 1s that of the alkyl
oroup 1itself, and the number of carbon atoms of the sub-
stituent on the alkyl group 1s not counted. The same condi-
fions are applicable to the case where the protecting group
1s other than the alkyl group.
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In the first place, we will more specifically explain the
active ingredient contained 1n the immunosuppressive agent
of the present mnvention, that 1s, a sulfoquinovosylacylglyc-
erol derivative represented by Formula (1-1):

(1-1)

ﬁ H
HO—S—C—H
o=
OH O——T——g——c——H
OH & RNERNI

OH

where R, 4, represents an acyl residue of a higher fatty acid,
and R, ,, represents a hydrogen atom or an acyl residue of

a higher fatty acid.

In Formula (1-1), R,,; represents an acyl residue of a
higher fatty acid. Fatty acids giving the acyl residue repre-
sented by R,,, include straight-chain or branched-chain,
saturated or unsaturated higher fatty acids.

The acyl residues of straight-chain or branched-chain
higher fatty acids represented by R,,, include groups rep-
resented by R—C(=0), where R represents an alkyl or
alkenyl group having 13 or more carbon atoms. The number
of carbon atoms of the alkyl and alkenyl groups represented
by R of R—C(=0) is preferably 13 or more and 25 or less,
and more preferably, an odd number within 15-25. This 1s
because 1f the number of carbon atoms of R exceeds 25, the
manufacturing cost increases. When R 1s an alkenyl grop,
the position of the double bond contained therein 1s not
particularly limited. Examples of the alkenyl group are the
alkenyl groups of commercially available fatty acids, such

as those described, for example, on pages 67 to 75 m a
catalogue of “KENKYUYOU SHIYAKU; TEN-

NENBUTSU, SHISHITSU, TOUSHITSU (AGENTS FOR
RESEARCH; NATURAL PRODUCTS, LIPIDS,
CARBOHYDRATES)”, distributed by FUNAKOSHI
KABUSHIKIKAISYA, Japan, March, 1999), the discloser
of which 1s enclosed herein by reference. In Formula (1-1),
R,,, represents a hydrogen atom or an acyl residue of a
higher fatty acid. The acyl residues represented by R, 4, have
the same meaning as those of R,,; mentioned above.

When both R,,,; and R,,, are acyl residues of a higher
fatty acid(s), these may be the same or different. However,
they are preferably the same 1 view of manufacturing
facility.

The sugar skeleton of sulfoquinovoside in Formula (1-1)
may take either a boat or chair conformation. However, the
chair conformation 1s preferable 1 view of stability. The
absolute configuration of the carbon (asymmetric carbon) at
the 2-position of the glycerol moiety may be either the S- or
R-configuration.

The bonding between sulfoquinovoside and glycerol 1s
either an a- or P-bonding. However, the present inventors
have found that, in the immunosuppressive activity assay
using cultured cells, the -anomers represented by General

formula (1-2) have remarkably higher immunosuppressive
activities than the a-anomers, which was unexpected.

The p-sulfoquinovosylacylglycerol derivatives repre-
sented by General formula (1-2):
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(1-2)
(:l) H
HO—S—C—H T P‘I H
(I) 5 o—T—(g—c—H
OH H o 3, ORu
OH

OH

where R,,, and R,,, have the same meaning as R,,, and
R,5, of General formula (1-1), respectively, will be
explained 1n detail.

The acyl residues represented by R, 5, of General formula
(1-2) have the same meaning as R,,, of General formula
(1-1), and preferable carbon atoms thereof are also the same
as those of General formula (1-1). Similarly, the acyl resi-
dues represented by R, of General formula (1-2) have the
same meaning as R,,, of General formula (1-1), and pref-

erable carbon atoms thereof are also the same as those of
General formula (1-1).
The sugar skeleton of sulfoquinovoside in Formula (1-2)

and the absolute configuration of the carbon (asymmetric
carbon) at the 2-position of the glycerol moiety are the same
as those mentioned for Formula (1-1).

From the viewpoint of particularly an anticancer effect
against colon cancer or gastric cancer, R,,, 1s preferably a
hydrogen atom.

Specific compounds represented by General formula (1-1)
are set forth 1n Table 1 below, however, the present invention
1s not limited to these.

TABLE 1
(1-1)
(ﬁ) H
HO S C H
o o 1
OH O—C—%—(‘S—H
H OR OR
OH 102 101
OH
Bond between
the C-1 of
the glucose and

Compound R 51— Rigo— the glyceride
SQAG 2 CH;(CH,),,CO— H a
SQAG 3 CH,(CH,),,CO— CH,(CH,),,CO— QL
SQAG 4 CH;(CH,),,CO— H L
SQAG 6 CH;(CH,),,CO— H L
SQAG 7 CH,(CH,),,CO— CH,(CH,),,CO— 3
SQAG 8 CH;(CH,),,CO— H 3
SQAG 10 CH,(CH,),,CO— H 3
SQAG 11 CH;(CH,),,CO— H a
SQAG 12 CH;(CH,),,CO— H QL
SQAG 13 CH;(CH,),,CO— H a
SQAG 14 CH,(CH,),,CO— H QL

The sulfoquinovosylacylglycerol derivatives of the present
invention can be prepared via (Step A) to (Step J) in
accordance with the following reaction procedure.
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-continued
I
rSCR5
O #*
OR* O—CHQ—(EZH—(‘ZHQ —
3
RO : Compound 9 ORj02 ORyo;
RO
_-SO3Na
O #*
2
OR o—CHZ—%:H—(‘:HZ -
R0 ORj102 ORjoq
RO  Compound 10
_-SO3Na
O *
OH O—CHQ—(ESH—(‘ZHZ
HO ORipo ORjgq
HO Compound 11

(Step A) The hydroxyl group bonded to the C1 carbon of
D-glucose 1s converted into a 2-propenyl group. (Step B)
The hydroxyl group of the C6 carbon of the glucose is
protected. (Step C) The hydroxyl groups bonded to the C2,
C3 and C4 carbons of the glucose are protected. (Step D)
The protecting group of the C6 carbon previously protected
is deprotected. (Step E) The hydroxyl group bonded to the
C6 carbon is substituted with a group (for example, an
alkylsulfonyloxy group or arylsulfonyloxy group) which can
be converted to a carbonylthio group. (Step F) The C6
carbon 1s converted into a carbonylthio group. (Step G) The
2-propenyl group bonded to the C1 carbon 1s converted into
a diol. (Step H) Each of the hydroxyl groups of the diol thus
obtained is esterified with a desired higher fatty acid. (Step
[) The carbonylthio group at the C6 carbon 1s converted into
a sulfonate salt. (Step J) The protecting groups of C2, C3 and
C4 carbons of the sulfonate salt obtained are deprotected. As
a result, a salt of a sulfoquinovosylacylglycerol derivative of
the present i1nvention can be produced. The salt thus
obtained 1s subjected to titration with an acid such as
hydrochloric acid to give the sulfoquinovosylacylglycerol
derivative of the present invention.

The aforementioned Steps A—J will be further explained
in detail.

In Step A, the 2-propenylation 1s carried out by reacting
the glucose with allyl alcohol in the presence of a strong
acid, such as trifluoromethanesulfonic acid, usually at room
temperature to 100° C., preferably from 80 to 90° C., for a
half day to two days. However, the reaction time varies
depending upon the reaction conditions.

In Step B, the hydroxyl group bonded to the Cé6 carbon 1s
protected to obtain the compound to which —OR® is bonded
at the C6 carbon (where R° represents an alkyl or substituted
silyl group).

As the compound capable of protecting the hydroxyl
ogroup, a compound can be used which can provide an alkyl
or substituted silyl group as the R° group.

Examples of the alkyl group represented by R® preferably
include bulky and substituted lower alkyl groups. The sub-
stituents of the bulky and substituted alkyl groups include
methyl and phenyl groups. The specific examples of the
substituted alkyl group include t-butyl and trityl groups.
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When the group represented by R® represents a substi-
tuted silyl group, examples of substituents of the substituted
silyl group include lower alkyl groups, preferably alkyl
groups having 1-4 carbon atoms (for example, methyl,
ethyl, 1sopropyl and t-butyl groups); and aryl groups, pref-
erably aryl groups having 6 carbon atoms (for example, a
phenyl group). The substituted silyl group represented by R°
preferably includes ftri-substituted silyl groups, more
preferably, a t-butyldiphenylsilyl group.

When the compound 3, where R° represents an alkyl
group, 1s to be obtained, the protection of the hydroxyl group
in Step B can be carried out by adding a compound repre-
sented by R°—X (where R° represents the alkyl group
defined above, and X represents a halogen atom such as
chlorine atom) to a solution of the compound 2 dissolved in
an organic solvent, such as anhydrous pyridine, and reacting,
the solution mixture at room temperature in the presence of
a catalyst such as p-dimethylaminopyridine (DMAP). As the
compound R°—X, trityl chloride is preferably used in view
of manufacturing cost and reaction facility.

When the compound 3, where R° represents a substituted
silyl group, 1s to be obtained, t-butyldiphenylsilyl chloride,
for example, is used as the compound R°—X, and the
reaction 1s carried out in the presence of a catalyst, such as
imidazole, at room temperature for a half day to two days.
Note that the reaction time varies depending upon the
reaction conditions.

In Step C, the hydroxyl groups bonded to the C2, C3 and
C4 carbons are protected and converted into —OR', —OR~
and —OR?”, respectively, where R*' to R’ independently
represent an alkyl or substituted silyl group. The protection
of these hydroxyl groups can be carried out by activating,
with sodium hydride, the hydroxyl groups bonded to the C2,
C3 and C4 carbons of the compound 3 dissolved 1n an
organic solvent, such as N, N-dimethylformamide (DMF),
and reacting with the compound capable of protecting these
hydroxyl groups at room temperature.

As the compound capable of protecting the hydroxyl
groups, benzyl bromide, p-methoxybenzyl bromide,
t-butyldimethylsilyl chloride or triethylsilyl chloride may be
used. The reaction using the compound capable of protecting
the hydroxyl groups can be carried out under a suitable
reaction condition for each of the protecting groups.

The deprotection of the protecting group bonded to the C6
carbon 1n Step D may be carried out by reacting a solution
of the compound 4 dissolved 1n an organic solvent, such as
methanol, 1n the presence of a catalyst, such as
p-toluenesulfonic acid, for a half day to one day at room
temperature. The reaction time varies depending upon the
reaction conditions.

In Step E, R?, that is, an alkylsulfonyl or arylsulfonyl
ogroup 1s bonded to the hydroxyl group at the Cé6 carbon of
the compound §, so that the hydroxyl group 1s converted into
—OR" to give the compound 6.

The reaction to give the —OR" group is performed by
adding a compound having the alkylsulfonyl group or a
compound having the arylsulfonyl group to a solution of the
compound 35 dissolved 1n an organic solvent, and reacting
them. The alkyl groups of the compound having the alkyl-
sulfonyl group preferably include unsubstituted alkyl
oroups, more prelferably, lower alkyl groups, much more
preferably, alkyl groups having 1-2 carbon atoms (methyl
and ethyl groups). The compound having an alkylsulfonyl
group can be represented by R*—X, where R* represents an
alkylsulfonyl group, and X represents a halogen atom.
Specific examples include methanesulfonyl chloride and
cthanesulfonyl chloride.




US 6,518,410 B2

9

On the other hand, the aryl group of the compound having
the arylsulfonyl group may include unsubstituted and sub-
stituted aryl groups, preferably aryl groups having 6 carbon
atoms (e.g., a phenyl group). In the case of the substituted
aryl group, examples of the substituent thercof include
p-methyl and p-methoxy groups. Examples of the compound
having an arylsulfonyl group include compounds repre-
sented by R*—X, where R* represents an arylsulfonyl
ogroup, and X represents a halogen atom. Specific examples
include p-toluenesulfonyl chloride,

p-methoxybenzenesulfonyl chloride and benzenesulfonyl
chloride.

Of the compounds having an alkylsultonyl or arylsulfonyl
group, a compound having a tosyl group 1s preferably used
from the viewpoint of reaction facility.

In the reaction of Step E, as an organic solvent, for
example, pyridine or dichloromethane may be used.

The reaction mentioned above may be performed, as the
case may be, in the presence of a catalyst, such as DMAP,
at room temperature for 2 hours to one day. The reaction
fime varies depending upon the reaction conditions.

In Step F, the sulfonyloxy group (—OR") of the com-
pound 6 1s replaced with a carbonylthio group represented
by —SC (=0)R>, where R” represents a hydrogen atom, an
alkyl or aryl group.

In the reaction, a compound capable of substituting the
alkylsulfonyloxy or arylsulfonyloxy group of the compound
6 with the carbonylthio group, 1s allowed to react in an
organic solvent to give a compound /. Hereinafter, this
compound will be referred to as “O-substituted
—S-substituted compound”. Examples of the O-substituted
—S-substituted compound include alkali metal salts and
alkali earth metal salts of a thiocarboxylic acid. Examples of
the thiocarboxylic acid include thioformic acid, lower thio-
carboxylic acids, preferably aliphatic thiocarboxylic acids
cach having 1-5 carbon atoms 1n 1ts aliphatic hydrocarbon
moiety (for example, thioacetic acid or thiopropionic acid),
and aromatic thiocarboxylic acids each having 6—10 carbon
atoms in its aromatic hydrocarbon moiety (for example,
thiobenzoic acid).

The alkali metal that forms a salt with the thiocarboxylic
acid includes potassium and sodium. The alkali earth metal
includes magnesium and calcium.

Of the above-mentioned O-substituted —S-substituted
compounds, salts of thioacetic acid may be preferably used
since a reaction can proceed stably and the sulfur atom can
be easily oxidized in a later step.

Examples of an organic solvent used in the reaction
include alcohol, for example, methanol, ethanol and
propanol, N,N-dimethylformamide and dimethylsulfoxide.

The atorementioned reaction may be performed usually at
room temperature to the boiling point of a solvent to be used
while stirring for one hour to one day. Note that the reaction
time varies depending upon the reaction conditions.

The dihydroxylation of Step G may be performed by
adding an oxidizing agent, such as osmium tetraoxide, to a
solution of the compound 7 dissolved in a solvent mixture,
such as a mixture of t-butanol and water, and then reacting
the resultant mixture 1n the presence of a re-oxidizing agent,
such as trimethylamine N-oxide, at room temperature for
one hour to three days. Note that the reaction time varies
depending upon the reaction conditions.

By the esterification of Step H, a sulfoquinovosylacylg-
lycerol derivative having desired higher fatty acids each
bonded, through an ester-bond, to 1ts glycerol moiety can be
obtained.

This reaction can be carried out by adding a higher fatty
acid corresponding to a final product to a solution of the
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compound 8 dissolved 1n a suitable organic solvent, such as
dichloromethane, and then reacting the resultant mixture, 1f
necessary, 1n the presence of a suitable catalyst, such as
ethyldimethylaminopropylcarbodiimide (EDCI)-DMAP.

In the reaction of Step H, as the fatty acid to be added, use
may be made of a higher fatty acid whose acyl group 1is that
represented by R, ,, of Formula (1-1), 1.€., a straight-chain or
branched-chain, saturated or unsaturated higher fatty acid.

In the reaction of Step H, the compound 9 1s obtained 1n
the form of a mixture of a diacylester and a monoacylester.
The diacylester herein is represented by Formula (1-1) of the
present invention where each of R,,; and R,,, 1s an acyl
residue of the higher fatty acid added. The monoacylester
herein has the acyl residue of the higher fatty acid added, as
the R,,, only. Two or more higher fatty acids may be added,
if desired, 1n the reaction of Step H. In this case, the resultant
mixture contains diacylesters represented by Formula (1-1)
where R, ,; and R, are the same or different acyl residues,
and monoesters having different acyl residues as R ;.

If necessary, the mixture of the monoesters and diesters
can be 1solated from each other by, for example,
chromatography, and subjected to the next reaction Step I.
Furthermore, production of the monoester 1s suppressed as
much as possible by setting the addition amount of the fatty
acid to 2-3 times larger than that of the compound 8, 1n
terms of mole, thereby the diester can be preferentially
obtained.

In Step I, the conversion into a sulfonate salt can be
carried out by adding an oxidizing agent, for example,
OXONE (ZKHSO., KHSO, and K,SO,) into a solution of
the compound 9 dissolved 1n an organic solvent, which 1s
buffered with acetic acid and potassium acetate, and then
allowing the resultant mixture to react at room temperature
for a half day to two days. Note that the reaction time varies
depending upon the reaction conditions.

The deprotection of the protecting groups bonded to
carbons at the C2 to C4 carbons 1n Step J can be carried out
by a method suitable for a protecting group to be used and
an acyl residue of the bonded higher fatty acid. For example,
when the protecting group 1s a benzyl group and each of
R.,; and R, 1s an acyl residue of a saturated higher fatty
acid, the deprotection can be conducted by reacting a
solution of a compound 10 dissolved 1n an organic solvent,
such as ethanol, in the presence of a catalyst, such as
palladium-activated carbon, under a hydrogen gas atmo-
sphere at room temperature. Furthermore, when at least one
of the acyl residues of the higher fatty acids represented by
R.,; and R,,- 1s an acyl residue of an unsaturated higher
fatty acid, a deprotection method suitable for a protecting
ogroup used and capable of retaining the double bond of the
unsaturated fatty acid may be employed. For example, when
the protecting group 1s a silyl group, the deprotection can be
conducted by use of an acid catalyst (e.g., trifluoroacetic
acid).

Note that glucose of a starting material usually takes c.-
and P-anomer conifigurations 1n a solution. Therefore, the
product 1n each step results 1n a mixture of - and
B-anomers. The mixture may be separated into - and
B-anomers by chromatography.

Prior to the step B, if a step of reacting the compound 2
with benzaldehyde i1s performed to form benzylidene, it 1s
possible to selectively crystallize the c.-anomer and thereby
separate 1t. Furthermore, if halogen such as bromin 1is
bonded to the C1 carbon before the 2-propenylation of Step
A, the propenyl group can be 1ntroduced 1into a
3-configuration 1n a later reaction. In this way, 3-anomers
can be selectively synthesized.
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The 1mmunosuppressive agent of the present invention
contains at least one compound selected from the group
consisting of sulfoquinovosylacylglycerol derivatives rep-
resented by Formula (1-1) of the present invention and
pharmaceutically acceptable salts thereof, as an active ingre-
dient. Examples of the pharmaceutically acceptable salts
employed 1n the immunosuppressive agent of the present
mvention include, but not limited to, a salt of a monovalent
cation such as a sodium or potassium ion. Hereinafter, the
compounds of the group consisting of sulfoquinovosyla-
cylglycerol derivatives and pharmaceutically acceptable
salts thereof are sometimes referred to as “1immunosuppres-
sive substance of the present invention”.

Examples of the sulfoquinovosylacylglycerol derivative
contained 1n the immunosuppressive substance of the
present mvention as an active mgredient include an 1somer
in which quinovose 1s bonded to glycerol with an a- or
3-configuration, and an 1somer having an asymmetric car-
bon at the C2 carbon of the glycerol moiety. The immuno-
suppressive substance of the present invention may include
these 1somers alone or 1n combination of two or more types
of 1somers as long as they adversely atfect the activity of the
Immunosuppressive substance.

The immunosuppressive substance of the present imven-
tion can be orally or parenterally administered. Immunosup-
pressive substance of the present invention can be combined
with, for example, a pharmaceutically acceptable excipient
or diluent depending on an administration route thereby to
form a medicinal formulation.

The forms of the agent suitable for oral admainistration
include, solid-, semi-solid, liquid- and gas-states. Speciiic
examples 1include, but not limited to, tablet, capsule, powder,
ogranule, solution, suspension, syrup and elixir agents.

In order to formulate the immunosuppressive substance of
the present invention into tablets, capsules, powders,
ogranules, solutions or suspensions, the substance 1s mixed
with a binder, a disintegrating agent and/or a lubricant, and,
if necessary, the resultant 1s mixed with a diluent, a buffer,
a wetting agent, a preservative and/or a flavor, by a known
method. Examples of the binder include crystalline
cellulose, cellulose derivatives, cornstarch and gelatin.
Examples of the disintegrating agent include cornstarch,
potato starch and sodium carboxymethylcellulose.
Examples of the lubricant include talc and magnesium
stearate. Furthermore, additives such as lactose and mannitol
may also be used as long as they are used conventionally.

Moreover, the 1mmunosuppressive substance of the
present invention may be administered in the form of aerosol
or inhalant, which is prepared by charging the active sub-
stance of liquid- or fine powder-form, together with a
gaseous or liquid spraying agent, and, if necessary, a known
auxiliary agent such as a wetting agent, into a non-
pressurized container such as an aerosol container or a
ncbulizer. As the spraying agent, a pressurized gas, for
example, dichlorofluoromethane, propane or nitrogen may
be used.

For parenteral administration, the immunosuppressive
substance of the present mnvention can be administered by
injection, percutaneously, rectally or intraocularly.

For the administration by injection, the immunosuppres-
sive substance of the present mnvention can be 1njected, for
example, hypodermically, intracutaneously, intravenously or
intramuscularly. An 1njection preparation may be formulated
by dissolving, suspending or emulsifying the immunosup-
pressive substance of the present invention 1nto an aqueous
or non-aqueous solvent such as a vegetable oil, a synthetic
olyceride with a fatty acid, an ester of a higher fatty acid or
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propylene glycol by a known method. If desired, a conven-
tional additive such as a solubilizing agent, an osmoregu-
lating agent, an emulsifier, a stabilizer or a preservative, may
be added to the preparation.

For formulating the immunosuppressive substance of the
present invention into solutions, suspensions, Syrups or
elixirs, a pharmaceutically acceptable solvent such as ster-
ilized water for injection or a normalized physiological
saline solution may be used.

For the percutancous administration, the immunosuppres-
sive substance of the present invention may be administered
in the form of ointment, emulsifications, pastae, plasters,
liniments, lotions, suspensions 1n accordance with the state
of skin to be treated.

The ointments can be formulated by a known method by
kneading the immunosuppressive substance of the present
invention with a hydrophobic base, such as Vaseline or
paraflin, or a hydrophilic bas, such as hydrophilic Vaseline
or macrogol. The emulsifying agents and other percutaneous
agents may be formulated by a method conventionally used.

For the rectal administration, a suppository can be used.
The suppository may be prepared by mixing the immuno-
suppressive substance of the present invention with an
excipient that can be melted at body temperature but 1s solid
at room temperature, such as cacao butter, carbon wax or
polyethylene glycol, and molding the resultant material, by
a known method.

For the intraocular administration, ophthalmic formula-
tions such as eye drops and eye ointments may be admin-
istered. The eye drops are formulated by dissolving or
suspending the immunosuppressive substance of the present
invention 1n an aqueous solvent, such as sterilized water,
and, 1f necessary, adding a preservative, bufler, and surfac-
tant.

The immunosuppressive substance of the present mmven-
fion may be used together with a pharmaceutically accept-
able compound having another activity, to prepare a phar-
maceutical preparation.

The dose of the immunosuppressive substance of the
present 1invention may be appropriately set or adjusted in
accordance with an admainistration form, an admainistration
route, a degree or stage of a target disease, and the like. For
example, 1n the case of oral administration, a dose of the
Immunosuppressive substance may be set at 1-100 mg/ke
body weight/day, preferably 1-10 mg/ke body weight/day.
In the case of administration by injection, a dose of the
Immunosuppressive substance may be set at 1-50 mg/ke
body weight/day, more preferably, 1-5 mg/keg body weight/
day. In the case of percutaneous administration, a dose of the
Immunosuppressive substance may be set at 1-100 mg/ke
body weight/day, more preferably, 1-10 mg/kg body weight/
day. In the case of rectal administration, a dose of the
Immunosuppressive substance may be set at 1-50 mg/ke
body weight/day, more preferably 1-5 mg/keg body weight/
day. In the case of intraocular administration, about a
0.01-3% solution of the immunosuppressive substance may
be applied dropwise to an eye several times per day.
However, the doses are not limited to these.

The anticancer agent of the present invention contains, as
an active ingredient, at least one
B-sulfoquinovosylacylglycerol derivative represented by
General formula (1-2) of the present invention and pharma-
ceutically acceptable salts thercof. Examples of the phar-
maceutically acceptable salts employed 1n the anticancer
agent of the present 1nvention are the same as those men-
tioned for the 1mmunosuppressive agent of the present
immvention, however, the salts are not limited to those. The
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administration routes may be the same as those mentioned
for the immunosuppressive agent of the present invention.

The dose of the anticancer drug of the present invention
may be appropriately set or adjusted 1n accordance with an
administration form, an administration route, a degree or
stage of a target disease, and the like. For example, 1n case
of oral administration, administration by injection, or rectal
administration, a dose may be set at 1-10 mg/kg body
welght/day, 1-5 mg/kg body weight/day, or 1-5 mg/kg body
weight/day, respectively, of an anticancer active substance
of the present invention, but 1s not limited thereto.

The same administration routs, corresponding dosage
forms thereof as those of the ainticancer drug of the 1nven-
tion can be applied to the DNA polymerase o mhibitor of the
present mvention.

EXAMPLES

The present invention will now be described by way of its
Examples. However, the present invention 1s not limited to
these Examples.

Synthesis examples of a sulfoquinovosylacylglycerol
derivatives are set forth below, as examples of the active
ingredients used in the immunosuppressive agent, anticancer
agent and DNA polymerase o inhibitor of the present
invention.

<Example 1>

Route a: 2,3,4,6-tetra-O-acetyl-D-glucopyranosyl bromide
(I)

To 400 mL of acetic anhydride, 2.4 mL of 60% perchloric
acid was added dropwise at 0° C. After the solution was
returned to room temperature, 100 g (0.56 mol) of D-glucose
was added to the solution with stirring for about 30 minutes
while keeping the solution temperature at 30—-40° C. After
the reaction solution was cooled to 20° C., 30 g (1.0 mol) of
red phosphorus was added. While the solution temperature
was maintained at 20° C. or less, 180 g (2.3 mol) of bromine,
and then 36 mL of water were added dropwise. After the
resultant mixture was allowed to stand at room temperature
for 2 hours, 300 mL of cold chloroform was added to the
mixture. The reaction solution was filtrated by a funnel
having a glass wool placed at the bottom. The filtrate was
poured into cold water (800 mL) and a chloroform layer was
separated by a separatory funnel. The water layer was
extracted with 50 mL of chloroform. The chloroform layers
were combined and washed with cold water (300 mL). The
resultant chloroform layer was poured into 500 mL of
saturated sodium hydrogencarbonate solution, sufficiently
shaken 1n a separatory funnel. The resultant chloroform
layer was recovered, dried over anhydrous sodium sulfate,

filtrated, and concentrated in vacuo to give a crystalline
substance. The obtained crystalline substance was pulver-
1zed 1n a mortar together with a solution of petroleum
ether:ether (2:1) and filtered off. The crude crystalline sub-
stance was dried 1n vacuo, recrystallized with cold diiso-
propylether. As a result, a pure crystal was obtained (yield:

152.6 g, 0.37 mol, recovery: 66.7%).

Melting point: 88-90° C. Rf value: 0.338 (Hexan:ethyl
acetate=4:1)
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HO AcO
x — AcO 5
C
HO HO AcO

OH
AcO

(ID)

HO
(D

Br

Route b: 2,3,4,6-tetra-O-acetyl-1-0-(2-propenyl)-f3-D-
glucose (III)

In 100 mL of allyl alcohol, 16.7 g (40.6 mmol) of the
compound (II) was dissolved, and 10.0 g (39.6 mmol) of
mercury cyanide was added thereto. The resultant mixture
was stirred at room temperature overnight. The reaction
solution was concentrated 1n vacuo, shaken together with
100 mL of chloroform and cold water 1n a separatory funnel
to allow the chloroform layer to separate. After the chloro-
form layer was dried over anhydrous sodium sulfate,
filtrated, and concentrated in vacuo, the resultant syrup was
dissolved 1n cold dusopropylether. To the resultant solution,

a small amount of crystal seed was added and stood 1n an

ice-cooled condition. As a result, a crystal was obtained
(yield: 12.6 g, 32.5 mmol, recovery: 80%)

Melting point: 77-81° C., Rf value: 0.282 (benzene: ethyl
acetate=4:1)

AcO
O b
— -
ACOA O
AcO
Br
(ID)
AcO
° O

AcO
(L)

Route c: 1-0-(2-propenyl)-p-D-glucose (IV)

The compound (IIT)(30.3 g, 78.1 mmol) was dissolved in
120 mL of methanol. To the solution mixture, a small
amount of 28% sodium methoxide in methanol was added
dropwise while stirring. The reaction mixture was reacted at
room temperature for 4 hours, neutralized with 0.1N hydro-
chloric acid, dried over anhydrous sodium sulfate, filtrated,
concentrated 1n vacuo, and purified by silica gel flash
chromatography (chloroform:methanol=4:1). As a result, a
colorless and transparent oily substance was obtained (yield:

15.8 g, 71.8 mmol, recovery: 91.9%).

AcO

AcO AcO

AcO
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-continued
HO TrO
O 0 O e
HO T4 X 5 HO%o 0\/\

HO
(V)

Route d: 1-0-(2-propenyl)-6-0-triphenylmethyl-f3-D-
glucose (V)

The compound (IV)(15.8 g, 71.8 mmol) was dissolved in
120 mL of anhydrous pyridine. To the solution, 23.4 g (83.9
mmol) of trityl chloride and 0.1 g (0.82 mmol) of

p-dimethylaminopyridine (DMAP) were added. The reac-
fion mixture was reacted for 36 hours at room temperature
while stirring. Then, the reaction was quenched by adding,
300 mL of cold water and the extracted with ethyl acetate
(3x300 mL). The resultant organic layers were combined,
neutralized with 1.0N hydrochloric acid to pH 4, washed
with brine (2x300 mL), dried over anhydrous sodium
sulfate, filtered, concentrated in vacuo, and purified by silica
gel flash chromatography (dichloromethane:methanol=
20:1)). As a result, a pale yellowish oily substance was
obtained (yield: 28.7 g, 62.1 mmol, recovery: 86.5%). Rf
value: 0.306 (chloroform:methanol=19:1).

HO
O - _d o
HO
(V)
TrO
R O
HOHo N~ X

HO
(V)

Route e: 2,3,4-tri-O-benzyl-1-0-(2-propenyl)-6-0-
triphenylmethyl-f3-D-glucose (VI)

80% sodium hydride (3.2 g, 133 mmol) dispersed in a
mineral o1l was put into a reaction vessel, and sufficiently
washed with anhydrous hexane (50 mL). After the hexane
was removed, 14.2 g (30.7 mmol) of the compound (V)
dissolved 1n dry N,N-dimethylformamide was gradually
added to the resultant suspension 1n an 1ce-cooled condition.
After 15 minutes, the reaction mixture was returned to room
temperature and the reaction was performed for one hour
while stirring.

Next, 21.6 g (126 mmol) of benzylbromide were gradu-
ally added to the reaction mixture under an 1ce-cooled
condition again. After 15 minutes, the reaction mixture was
returned to room temperature, and reacted for 3 hours while
stirring. Then, 20 mL of methanol and 30 mL of cold water
were added to the reaction mixture to quench the reaction.
The reaction mixture was extracted with ethyl acetate (3x50
mL). The organic layers were combined, washed with brine
(2x100 mL), dried over anhydrous sodium sulfate, filtered,
concentrated 1in vacuo, and purified by silica gel flash
chromatography (hexane:ethyl acetate=10:1). As a result, a
pale yellowish oily substance was obtained (yield: 21.6 g,
29.5 mmol, recovery: 96.1%). The Rf wvalue: 0.410

(hexane:ethyl acetate=4:1)
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BnO

BnO

(VD

Route f: 2,3,4-tri-O-benzyl-1-0-(2-propenyl)-f-D-
glucose (VII)
In 150 mL of methanol, the compound (VI) (21.6 g, 29.5

mmol) was dissolved and 2.80 g (14.7 mmol) of
p-toluenesulfonic acid monohydrate was added. The solu-
tion was reacted overnight while stirring. Thereafter, the
reaction was quenched by adding 100 mL of cold water and
extracted with ethyl acetate (3x200 mL). The organic layers
were combined, washed with brine (2x300 mL), dried over
anhydrous sodium sulfate, filtered, concentrated in vacuo,
and purified to silica gel flash chromatography (hexane:ethyl

acetate=4:1). As a result, a white crystalline substrate was
obtained (yield 9.0 g, 18.4 mmol, recovery 62.4%).

Melting point: 80-82° C.,

Rf value: 0.338 (hexane:ethyl acetate=4:1) [a],=+0.4° (c
5.50 CHCL,)

"HNMR (300 MHz, CDC1,+TMS, 9); 7.36-7.23 (15H, m,
Ar), 6.02-5.89 (1H, m, —CH=CH.,,), 5.34 (1H, dd, J=1.5 &
17.2, —CH=CH,), 5.22 (1H, dd, J=1.4 & 10.4,
—CH=CH,), 4.95 (1H, d, J=10.9, Ar—CH,), 4.94 (1H, d,
J=10.9, Ar—CH,), 4.86 (1H, d, J=10.9, Ar—CH,), 4.81
(1H, d, J=10.9, Ar—CH,), 4.73 (1H, d, J=10.9, Ar—CH,),
4.64 (1H, d, J=10.9, Ar—CH,), 4.50 (1H, d, J=7.8, H-1),
4.43-4.13 (2H, m, —O—CH,—CH=CH,), 3.88-3.34 (6H,
m, H-2 & H-3 & H-4 & H-5 & H-6a,b)

TrO

BnO

BnO

HO

BnO

BnO

(VID)

Route g: 2,3,4-tri-O-benzyl-1-0-(2-propenyl)-6-0-(4-
tolylsulfonyl)-p-D-glucose (VIII)

In 200 mL of anhydrous pyridine, 9.80 g (20.0 mmol) of
the compound (VII) was dissolved, and then 24.4 mg (0.2
mmol) of DMAP and 11.4 g(60.0 mmol) of
p-toluenesulfonyl chloride were added. The solution was
reacted at room temperature overnight while stirring.
Thereafter, the reaction was quenched by adding 300 mL of
cold water and extracted with ethyl acetate (3x200 mL). The
resultant organic layers were combined, neutralized to pH 4
with 1.0N and 0.1N hydrochloric acid, washed with brine
(2x300 mL), dried over anhydrous sodium sulfate, filtered,
concentrated 1in vacuo, and purified by silica gel flash
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chromatography (hexane:ethyl acetate=4:1). As a result, a
white crystalline substance was obtained (yield: 9.00 g, 14.0
mmol, recovery 70.0%).

Melting point: 111-112° C., Rf value: 0.295 (hexane:ethyl
acetate=4:1)

'H NMR (300 MHz, CDCL,+TMS, 8); 7.77 (2H, d, J=8.2,
H at Ts Me), 7.31-7.25 (15H, m, Ar), 7.19-7.16 (2H, m, H
at Ts SO,), 5.98-5.85 (1H, m, —CH=CH,), 5.35-5.19 (2H,
m, —CH=CH,), 4.92 (2H, d, J=10.9, Ar—CH,), 4.81 (1H,
d, J=10.8, Ar—CH.,), 4.75 (1H, d, J=10.9, Ar—CH,), 4.68
(2H, d, J=10.9, Ar—CH,), 4.48 (1H, d, J=10.8, Ar—CH.,),
4.39 (1H, d, J=-7.8, H-1), 4.34-3.38 (8H, m, H-2 & H-3 &
H-4 & H-5 & H-6a,b & —O—CH,—CH=CH,), 2.42 (3H,
s, Ts CH;)

BnO
(VIII)

Route h: 2,3,4-tri-O-benzyl-1-O-(2-propenyl)-6-deoxy-6-
acetylthio-f-D-glucose (IX)

In 250 mL of anhydrous ethanol, 9.00 g (14.0 mmol) of
the compound (VIII) was dissolved and then 4.80 g (42.0

mmol) of potassium thioacetate was added. The solution was
reacted under reflux for 3 hours while stirring. Thereafter,
the reaction was quenched by adding 300 mL of cold water,
and extracted with ethyl acetate (3x200 mL). The organic
layers were combined, washed with brine (2x300 mL) ,
dried over anhydrous sodium sulfate, filtered, concentrated
in vacuo, purifiled by silica gel flash chromatography
(hexane:ethyl acetate=10:1). As a result, a white crystalline
substance was obtained (yield: 6.60 g, 12.0 mmol, recovery:

85.7%). Melting point: 70-73° C., Rf value: 0.295
(hexane:ethyl acetate=4:1) [a],,=+26.7(c 0.75, CHCL,)

'H NMR (300 MHz, CDCL+TMS, 8); 7.35-7.25 (15H, m,
Ar), 6.00-5.89 (1H, m, —CH=CH.,), 5.35 (1H, dd, J=1.5 &
17.2, —CH=CH,), 5.22 (1H, dd, J=1.3 & 10.4,
— CH=CH,), 4.95 (1H, d, J=10.9, Ar—CH,), 4.93 (1H, d,
J=10.8, Ar—CH.,), 4.87 (1H, d, J=10.8, Ar—CIH.,), 4.78
(1H, d, J=10.9, Ar—CH,), 4.71 (1H, d, J=10.9, Ar—CI.,),
4.63 (1H, d, J=10.7, Ar—CH.,), 4.42 (1H, d, J=7.9, H-1),
437-3.33 (7H, m, H-2 & H-3 & H-4 & H-5 & H-6a &
—0—CH,—CH=CH,), 2.96 (1H, dd, J=6.9 & 13.6,
H-6b), 2.34 (3H, s, SCOCH.,)

TsO
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-continued
AcS

BnO

e X

BnO

(IX)

Route 1: 3-0-(2,3,4-tri-O-benzyl-6-deoxy-6-acetylthio-[3-
D-glucopyranosyl) -glycerol (X)

In a mixture of t-butanol: H,O (4:1), 3.30 g (6.02 mmol)
of the compound (IX) was dissolved and then 1.34 g (12.1

mmol) of trimethylamine N-oxide dihydrate and 1.7 mL of
0.04 M solution of osmium tetraoxide in t-butanol were

added. The solution was reacted at room temperature for 3
days while stirring. Thereafter, 5.8 ¢ of activated charcoal
was added, and then the reaction mixture was allowed to
stand while stirring for 1.5 hours. After {filtration with

suction, the reaction was quenched by adding 250 mL of
cold water and extracted with ethyl acetate (3x200 ml). The
organic layers were combined, washed with brine (2x300
mL), dried over anhydrous sodium sulfate, filtered, concen-
trated 1n vacuo, and purified by silica gel flash chromatog-
raphy (hexane:ethyl acetate=1:1). As a result, a white crys-
talline substance was obtained (yield: 1.79 g, 3.08 mmol,
recovery 51.2%). Melting point: 91-93° C., Rf value: 0.112
(hexane:ethyl acetate=1:1), [a],=+18.0 (¢ 0.75, CHCI,)

'"H NMR (300 MHz, CDC1,+TMS, 8); 7.35-7.25 (15H, m,
Ar), 4.94-4.61 (6H, m, Ar—CH,), 4.38 (0.5H, d, J=7.28,
H-1(R or S)), 4.37 (0.5H, d, J=7.8, H-1(R or S)), 3.83-3.37
(7H, m, H-2 & H-3 & H-4 & H-5 & H-6a & —O—CH,—
CH=CH,), 2.96 (1H, dd, J=6.9 & 13.6, H-6b), 2.34 (3H, s,
SCOCH,)

ACS

BnO

BnO

AcCS

BnO

BnO

Route j: 3-0-(2,3,4-tr1-O-benzyl-6-deoxy-6-acetylthio-[3-
D-glucopyranosyl)-1,2-di-O-stearoyl-glycerol (XI)

Into 100 mL of dichloromethane, 1.23 g (2.12 mmol) of
the compound (X) was dissolved and then 1.30 g (6.79
mmol) of 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide
hydrochloride (EDCI), 260 mg (2.13 mmol) of DMAP, and
1.75 g (6.15 mmol) of stearic acid, were added. The solution
was reacted at room temperature for a day while stirring.
Thereafter, the reaction was quenched by adding 100 mL of
dichloromethane, washed with brine (2x50 mL), dried over
anhydrous sodium sulfate, filtered, concentrated 1n vacuo,
and purified by silica gel flash chromatography
(hexane:ethyl acetate 10:1—8:1). As a result, a white non-
crystalline solid substance was obtained (yield: 2.10 g, 1.88
mmol, recovery: 88.7%). Rf value: 0.487 (hexane; ethyl
acetate=4:1) [a],,=-21.3 (¢ 0.15, CHCL,)

'"H NMR (300 MHz, CDCI,+TMS, §); 7.34-7.26 (15H, m,
Ar), 5.28(1H, m, Gly-H-2), 4.92-4.60 (6H, m, Ar—CH,),
4.36 (0.5H, d, J=7.7, H-1(R or S)), 4.35 (0.5H, d, J=7.8,
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H-1(R or S)), 4.25-2.96 (10H, m, H-2 & H-3 & H-4 & H-5
& H-6a, b & Gly-H-1a, b & Gly-H-3a, b), 2.37 (1.5H, s,
SCOCH4(R or S)), 2.35 (1.5H, s, SCOCHL(R or S)), 2.32-
2.24(4H, m, OCOCH,), 1.65-1.58 (4H, m, OCOCH,CH.,),
1.25 (56H, br, —CH,—), 0.88 (6H, t, J=6.3, CIL,)

AcCs

BnO

BnO

BnO

(XD)

RlUl = ngz = StEHTGYl

Route k: 3-0-(2,3,4-tri-O-benzyl-6-deoxy-6-sulfo-f-D-
glucopyranosyl)-1,2-di-O-stearoyl-glycerol sodium salt
(XII)

In 50 mL of acetic acid, 1.24 g (1.11 mmol) of the
compound (XI) was dissolved and then 1.5 g of potassium
acetate and 1.55 g of OXONE (2KHSO., KHSO,, K,SO,)
were added. The solution was reacted overnight at room
temperature while stirring. Thereafter, the reaction was
quenched by adding 100 mL of cold water, and extracted
with ethyl acetate (5x50 mL). The organic layers were
combined, neutralized with saturated sodium hydrogencar-
bonate (2x100 mL), washed with brine (2x100 mL), dried
over anhydrous sodium sulfate, filtered, concentrated in
vacuo, and purified by silica gel flash chromatography
(chloroform:methanol=20:1—15:1). As a result, a white
non-crystalline solid substance was obtained (yield: 773 mg,
0.677 mmol, recovery 61.0%). Rf value: 0.288
(dichlormethane:methanol=10:1), [a],=+4.8° (c 0.17,
CHCL,)

'H NMR (300 MHz, CDCL+TMS, 8); 7.29-7.16 (15H, m,
Ar), 531(1H, m, Gly-H-2), 4.91-4.56 (6H, m, Ar—CH,),
4.50 (1H, d, J=7.6, H-1), 4.44-3.03 (10H, m, H-2 & H-3 &
H-4 & H-5 & H-6a, b & Gly-H-1a, b & Gly-H-3a, b),
2.62(4H, br, OCOCH,), 2.19-2.17 (4H, br, OCOCH,CH.,),
1.49 (4H, br, OCOCH,CH,CH,), 1.25 (52H, br, —CH,—),
0.88 (6H, t, J=6.3, CH,)

AcS
OR 92

O\/é\/OR101 —

(XD)
NaO5S

BnO

BnO

BnO

BnO

RlDl = RlDZ = steamyl

Route 1: 3-O-(6-deoxy-6-sulfo-f-D-glucopyranosyl)-1,2-
di-O-stearoyl-glycerol sodium salt (XIII)

Into 50 mL of ethanol, 773 mg (0.677 mmol) of the
compound (XII) was dissolved and then 2.00 g of 10%
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palladium-activated carbon (Pd-C) was added. After the
atmosphere of the flask was substituted with hydrogen, the
solution mixture was reacted at room temperature overnight
while stirring. Then, the reaction mixture was filtered with
suction using celite, concentrated 1n vacuo, and purified by
silica gel flash chromatography (chloroform:methanol=
10:1—chloroform:methanol:water=70:30:4). As a result, a
white non-crystalline solid substance was obtained (yield:

311 mg, 0.356 mmol, recovery 52.6%).

Rf value: 0.402 (chloroform:methanol:water=65:25:4),
[a],=—-3.6° (¢ 0.59, CHCl;: CH;0H:H,0=70:30:4).

'H NMR (300 MHz, CDCI+TMS, 8); 5.28(1H, m, Gly-
H-2), 4.32 (1H, d, J=7.7, H-1), 4.27-3.11 (10H, m, H-2 &
H-3 & H-4 & H-5 & H-6a, b & Gly-H-1a, b & Gly-H-3a, b),
2.36-2.30(4H, m, OCOCH,), 1.60 (4H, m, OCOCH,CH.,),
1.27 (56H, br, —CH,—), 0.89 (6H, t, J=6.4, CH,)

NaO3S

ORjg2
BnO
(XII)
NaOsS
ORj02
- O\/E\/OR
HO HO 101

HO

RlDl = RlDZ = SJ[EEII'D}?l

<Example 2: Synthesis of 2, 3, 4-tr1-O-benzyl-1-O-
(2-propenyl)-6-O-(4-tolylsulfonyl)-
a.-D-glucose (VI)>

Starting from D-glucose, 2,3,4-tri-O-benzyl-1-O-(2-
propenyl)-6-O-(4-tolylsulfonyl)-a-D-glucose (VI) was pre-
pared as follows.

2-1) Step a: Synthesis of 1-O-(2-propenyl)-D-glucose (II)

HO
O L“
HO
HO OH
HO
(D
HO
O
HO go o/\/

HO
(I0)

One hundred grams of D-glucose (I) were added into 250
mL of allyl alcohol and sufficiently dissolved therein. To the
solution, 0.8 mL of trifluoromethanesulfonic acid were
slowly added under an ice-cooled condition. Then, the
solution was reacted in an oil bath at 80° C. for 30 hours,
while stirring. Then the reaction mixture was neutralized
with 1 mL of triethylamine, and was concentrated 1n vacuo
to give the title compound. Thin layer chromatography
demonstrated a yield of about 60-70%.
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2-2) Step b: Synthesis of 1-O-(2-propenyl)-6-0O-
triphenylmethyl-D-glucose (III).

HO
: b
010 0/\/ —
HO
(I0)
Trityl O
0
HOho o N\F

HO
(I11)

One hundred grams (455 mmol) of 1-O-(2-propenyl)-D-
glucose (II) were dissolved in 350 mL of anhydrous

pyridine, and the solution was added with 170 g (610 mmol)
of tritylchloride and 1.0 g (8.20 mmol) of DMAP. The
reaction mixture was reacted for 36 hours at room

temperature, while stirring. Then, the reaction was quenched
by addition of 800 mL of cold distilled water, and then
extracted with ethyl acetate (3x500 mL). The organic layers
were combined, acidified to pH 4 by diluted hydrochloric
acid, washed with saturated aqueous sodium chloride
(2x500 mL), dried over anhydrous sodium sulfate, filtered,
concentrated 1in vacuo, and purified by silica gel flash
chromatography (dichloromethane:methanol=20:1) to give
the title compound. Thin layer chromatography demon-
strated a yield of about 80%.

2-3) Step c: Synthesis of 2,3,4-tri-O-benzyl-1-O-(2-
propenyl)-6-O-triphenylmethyl-D-glucose (IV)

Trityl O
O Lﬁ*
HO'Ho o \F
HO

(L)

Trityl O
O
BnO
BnO O/\/

BnO
(IV)

Two grams (83.3 mmol) of 80% sodium hydride dispersed
in a mineral o1l were put 1nto a reactor, and were sufficiently
washed with 50 mL of anhydrous hexane. Then, the hexane
was removed from the reactor, to which 10.0 g (21.6 mmol)
of 1-O-(2-propenyl)-6-O-triphenylmethyl-D-glucose (III)
were slowly added under an ice-cooled condition. After 15
minutes, the reaction mixture was returned to room
temperature, and reacted for 1 hour while stirring.

Next, 12.0 g (70.2 mmol) of benzylbromide were slowly
added to the reaction mixture again under an ice-cooled
condition. After 15 minutes, the reaction mixture was
returned to room temperature, and was reacted for 3 hours
while stirring. Then, 20 mL of methanol and 30 mL of cold
distilled water were added to the reaction mixture to quench
the reaction, and the reaction mixture was extracted with
ethyl acetate (3x50 mL). The organic layers were combined,
washed with saturated aqueous sodium chloride (100 mLx2
times), dried over anhydrous sodium sulfate, filtered, con-
centrated 1n vacuo, and purified by silica gel flash ChI‘OI]Z]El-

10

15

20

25

30

35

40

45

50

55

60

65

22

tography (hexane:ethyl acetate=10:1) to give 9.6 g (13.8
mmol) of the title compound. Yield: 63.9%.

2-4) Step d: Synthesis of 2,3,4-tri-O-benzyl-1-O-(2-
propenyl)-c.-D-glucose (V)

Trityl O
BnO = <~
BnO AN
O
BnO

(IV)

Into 100 mL of methanol, 9.6 g (13.8 mmol) of 2,3,4-tri-
O-benzyl-1-O-(2-propenyl)-6-O-triphenylmethyl-D-
glucose (IV) were dissolved, and 3.8 g (20.0 mmol) of
p-toluenesulfonic acid monohydrate were added. The solu-
tion was reacted for 16 hours while stirring. Then, the
reaction was quenched by adding 100 mL of cold distilled
water, and the reaction mixture was extracted with ethyl
acetate (3x200 mL). The organic layers were combined,
washed with saturated aqueous sodium chloride (2x300
mL), dried over anhydrous sodium sulfate, filtered, concen-
trated 1n vacuo, and applied to silica gel flash chromatog-
raphy (hexane:ethyl acetate=11:2—4:1—2:1), separating
and purifying c.- and p-anomers. The a-anomer 1in 2.70 g
(5.50 mmol) with yield of 39.8%; and the -anomer in 1.52
g (3.10 mmol) with yield of 22.5%.

2-5) Step e: Synthesis of 2, 3, 4-tri-O-benzyl-1-O-(2-
propenyl)-6-O-(4-tolylsulfonyl)-a-D-glucose (VI)

(VD)

Into 200 mL of anhydrous pyridine, 10.0 g (20.4 mmol)
of 2,3,4-tri-O-benzyl-1-O-(2-propenyl)-a.-D-glucose (V)
were dissolved, and then 134 mg (1.10 mmol) of DMAP and
9.2 g (48.3 mmol) of p-toluenesulfonyl chloride were added.
The solution was reacted for 16 hours at room temperature
while stirring. Then, the reaction was quenched by adding
300 mL of cold distilled water, and the reaction mixture was
extracted with ethyl acetate (3x200 mL). The resultant
organic layers were combined, acidified to pH 4 with diluted
hydrochloric acid, washed with saturated aqueous sodium
chloride (2x300 mL), dried over anhydrous sodium sulfate,
filtered, concentrated in vacuo, and purified by silica gel
flash chromatography (hexane:ethyl acetate=4:1) to give
12.0 g (18.6 mmol) of the tile compound with yield of
91.2%.
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Melting point: 77-79° C.; [a],=+51.8 (CHCL,).

TABLE 2

IR Data

Absorption Peak

(cm™) Structure

1940, 1860, 1800 Mono-substituted Ar*

1615 Terminal double bond

1593, 1480 Ar*

1170-1120, CO

1100-1000

1180 SO;

910, 830 a-Hexose
characteristic
absorption

*Ar represents aromatics.

<Example 3: Synthesis of 2,3,4-tri-O-(t-
butyldimethylsilyl)-1-O-(2-propenyl)-6-O-(4-
tolylsulfonyl)-a-D-glucose (VI')>

Starting from D-glucose (I'), 2,3,4-tri-O-(t-

butyldimethylsilyl)-1-O-(2-propenyl)-6-0O-(4-
tolylsulfonyl)-a.-D-glucose (VI') was synthesized through
the following steps a'—¢'.

3-1) Step a": Synthesis of 1-O-(2-propenyl)-D-glucose (II')

HO
O a'
HO
HO OH
HO
(1)
HO
O
HO o o/\/
HO

(Ir)

One hundred grams of D-glucose (I') were added to 250
mL of allyl alcohol and sufficiently dissolved therein. To the
solution, 0.8 mL of trifluoromethanesulfonic acid were
slowly added under an ice-cooled condition. Then, the
solution was reacted in an oil bath at 80° C. for 30 hours
while stirring. Then, the reaction mixture was neutralized by
1 mL of triethylamine, and was concentrated 1n vacuo to
orve the title compound. Thin layer chromatography dem-
onstrated a yield of about 60—70%.

3-2) Step b': Synthesis of 1-O-(2-propenyl)-4,6-0-
benzylidene-a-D-glucose (III')

HO

HO HO

HO
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-continued
i
AN ‘ O
O
O'Ho

HO

(1)

37.5 grams of 1-O-(2-propenyl)-D-glucose (II') were dis-
solved in 210 mL of benzaldehyde, and to the solution 98 ¢
of zinc chloride were added. The reaction mixture was
reacted at room temperature for 4 hours. Thereafter, the
reaction mixture was added to 500 mL of hexane, and then
100 mL of diluted sodium hydrogencarbonate were added.
The reaction mixture was allowed to stand at 0° C. for 30
minutes to be crystallized. The crystals were filtered with
suction, and was dissolved mto 50 mL of ethanol. The
solution was allowed to stand at 0° C. for 30 minutes for
recrystallization to give 21 g (68.1 mmol) of the title
compound with yield of 40.0%.

3-3) Step c¢": Synthesis of 1-O-(2-propenyl)-a-D-glucose
(IVY)

7
AN

O
o’
S o
Y )

O1o
HO

O/\/
(TI1)
HO

HO HO

HO

O/\/

(v

Into 260 mL of a solution of acetic acid and water (8:5),
10.7 g (34.7 mmol) of 1-O-(2-propenyl)-4,6-O-benzylidene-
a.-D-glucose (IIT') were dissolved. The solution was reacted
at 100° C. for 1 hour, concentrated in vacuo, and purified by
silica oel flash chromatography
(dichloromethane:methanol=6:1) to give 6.3 g (28.6 mmol)
of the title compound with yield of 82.4%.

3-4) Step d': Synthesis of 1-O-(2-propenyl)-6-O-(4-
tolylsulfonyl)-a.-D-glucose (V')

HO

HO HO

HO
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-continued
TsO
O
HO HO
HO /\/
O
(V')

Into 200 mL of anhydrous pyridine, 6.3 g (28.6 mmol) of
1-O-(2-propenyl)-a.-D-glucose (IV') were dissolved, and
195 mg of DMAP and 7.0 g of p-toluenesulfonyl chloride
were added. The solution was reacted for 16 hours at room
temperature while stirring. Thereafter, the reaction was
quenched by adding 20 mL of cold distilled water, and the
reaction mixture was extracted with ethyl acetate (3x200
mL). The organic layers were combined, acidified to pH 4
with 1.0 N and 0.1 N hydrochloric acids, washed with
saturated aqueous sodium chloride (2x200 mL), dried over
anhydrous sodium sulfate, filtered, concentrated 1n vacuo,
and purified by silica gel flash chromatography
(dichloromethane:methanol=20:1) to give 8.6 g (24.0 mmol)
of the title compound with yield of 83.8%.

3-5) Step €': Synthesis of 2,3,4-tri-O-(t-butyldimethylsilyl)-
1-O-(2-propenyl)-6-0O-(4-tolylsulfonyl)-c-D-glucose (VI')

1sO
O e!
—_—
HO HO
HO AN
O
(V')
TsO
O
TBDMSO
TBDMSO
TBDMSO

O/\/

(VI)

Into 25 mL of anhydrous dichloromethane, 11.2 g (29.9
mmol) of 1-O-(2-propenyl)-6-O-(4-tolylsulfonyl)-a.-D-
glucose (V') were dissolved and 23.8 g of
t-butyldimethylsilyl trifluoromethanesulfonate and 14.4 g of
2,6-lutidine were added. The solution was reacted under
nitrogen flow for 16 hours while stirring. Thereafter, the
reaction was quenched by adding 150 mL of
dichloromethane, and the reaction mixture was washed with
saturated aqueous sodium chloride (2x100 mL), dried over
anhydrous sodium sulfate, filtered, concentrated in vacuo,
purified by silica gel flash chromatography (hexane:ethyl
acetate=30:1) to give 19.6 g (27.4 mmol) of the title com-
pound as a colorless and transparent oil. Yield of 91.6%.

[],,=+39.0° (CHCL,).

TABLE 3
IR DATA
Absorption Peak
(cm™) Structure
1735, 1590, 1475 Ar
1105-1000, 950 CO
1160 SO,
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TABLE 3-continued

[R DATA
Absorption Peak
(cm™) Structure
930, 825, 770 a-Hexose
characteristic
absorption

<Example 4: Synthesis of 2,3,4-tr1-O-benzyl-1-0-
(2-propenyl)-6-deoxy-6-acetylthio-
a.-D-glucose (VII)>

From 2,3,4-tri-O-benzyl-1-O-(2-propenyl)-6-0-(4-
tolylsulfonyl)-a.-D-glucose (VI) obtained in Example 2, is
2,3,4-tri-O-benzyl-1-O-(2-propenyl)-6-deoxy-6-acetylthio-
a.-D-glucose (VII) was synthesized by the step f.

(VID)

Into 250 mL of anhydrous ethanol, 11.4 g (18.6 mmol) of
2,3,4-tr1-O-benzyl-1-O-(2-propenyl)-6-O-(4-tolylsulfonyl)-
a.-D-glucose (VI) were dissolved and then 5.6 g (49.0 mmol)

of potassium thioacetate were added. The solution was
reacted under reflux for 3 hours while stirring. Thereatter,
the reaction was quenched by adding 300 mL of cold
distilled water, and the reaction mixture was extracted with
ethyl acetate (3x200 mL). The organic layers were
combined, washed with saturated aqueous sodium chloride
(2x300 mL), dried over anhydrous sodium sulfate, filtered,
concentrated in vacuo, purified by silica gel flash chroma-
tography (hexane:ethyl acetate=10:1) to give 9.00 g (16.4
mmol) of the title compound with yield of 88.2%. Melting
point: 61-62.5° C.; [a]p,=+51.8" (CHCL,).

TABLE 4
IR DATA

Absorption Peak
(cm™) Structure
1940, 1880, 1800 Mono-substituted Ar
1680 SCOCH,
1600, 1580, 1490 Ar
1160-1120, CO
1090-1060
1180 SO;
905, 830 a-Hexose

characteristic

absorption
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<Example 5: Synthesis of 2,3,4-tr1-O-(t-
butyldimethylsilyl)-1-O-(2-propenyl)-6-deoxy-
acetylthio-a.-D-glucose (VII')>

From 2,3,4-tri-O-(t-butyldimethylsilyl)-1-O-(2-
propenyl)-6-O-(4-tolylsulfonyl)-a-D-glucose (VI') obtained
in Example 3, 2,3,4-tri-O-(t-butyldimethylsilyl)-1-O-(2-
propenyl)-6-deoxy-acetylthio-a-D-glucose (VII') was syn-
thesized by the step 1.

TsO
O £
TBDMSO :
TBDMSO
TBDMSO

O/\/
(VI)
AcS

TBDMSO
TBDMSO

TBDMSO

O/\/

(VIT')

Into 20 mL of anhydrous ethanol, 7.9 g (11.0 mmol) of
2,3,4-tri-O-(t-butyldimethylsilyl)-1-O-(2-propenyl)-6-O-(4-
tolylsulfonyl)-a.-D-glucose (VI') were dissolved, and then
1.8 ¢ of potassium thioacetate were added. The solution was
reacted under reflux for 3 hours while stirring. Thereafter,
the reaction was quenched by adding 100 mL of cold
distilled water, and the reaction mixture was extracted with
ethyl acetate (3x200 mL). The organic layers were
combined, washed with saturated aqueous sodium chloride
(2x200 mL), dried over anhydrous sodium sulfate, filtered,
concentrated 1n vacuo, and purified by silica gel flash
chromatography (hexane:ethyl acetate=50:1) to give 5.6 g
(9.02 mmol) of the title compound as a colorless and

transparent oily material. Yield of 82.0%. [a],=+60.9°
(CHCL,).

TABLE 5
IR DATA
Absorption Peak
(cm™) Structure
1670 SCOCH,
1620 Terminal double bond
1140-1000 CO
910, 810, 755 a-Hexose
characteristic
absorption

<Example 6: Synthesis of 3-O-(6-deoxy-6-sulfo-a.-
D-glucopyranosyl)-1,2-di-O-palmitoyl-glycerol
sodium salt (XI-1) and 3-O-(6-deoxy-6-sulfo-c-D-
glucopyranosyl)-1-O-palmitoyl-glycerol
sodium salt (XI-2)>

From 2,3,4-tr1-O-benzyl-1-O-(2-propenyl)-6-deoxy-6-
acetylthio-a-D-glucose (VII) obtained in Example 4, a sul-

foquinovosylacylglycerol derivative was synthesized
through the steps g—.
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6-1) Step g: Synthesis of 3-0-(2,3,4-tri-O-benzyl-6-deoxy-
6-acetylthio-a-D-glucopyranosyl)-glycerol (VIII)

(VIIT)

In a mixture of t-butanol and H,O (=4:1), 8.30 g (15.1

mmol) of 2,3,4-tri-O-benzyl-6-deoxy-1-O-(2-propenyl)-6-
acetylthio-a.-D-glucose (VII) were dissolved and then 2.5 ¢
(22.5 mmol) of trimethylamine N-oxide dihydrate and 20
mL (0.04 M) of a t-butanol solution of osmium tetraoxide
were added. The solution was reacted at room temperature
for 30 hours while stirring. Thereafter, 15 g of activated
carbon were added, and then the reaction mixture was
allowed to stand while stirring for 1.5 hours to adsorb the
osmium tetraoxide on the activated carbon. After filtration
with suction, the reaction was quenched by adding 250 mL
of cold distilled water, and the reaction mixture was
extracted with ethyl acetate (3x200 ml). The organic layers
were combined, washed with saturated aqueous sodium
chloride (2x300 mL), dried over anhydrous sodium sulfate,
filtered, concentrated 1n vacuo, and purified by silica gel
flash chromatography (hexane:ethyl acetate=1:1) to give
5.00 g (8.59 mmol) of the title compound with yield of
56.9%.
6-2) Step h: Synthesis of 3-0-(2,3,4-tri-O-benzyl-6-deoxy-
6-acetylthio-a-D-glucopyranosyl)-1,2-di-O-palmitoyl-
glycerol (IX-1) and 3-0-(2,3,4-tri-O-benzyl-6-deoxy-6-
acetylthio-a-D-glucopyranosyl) -1-O-palmitoyl-glycerol
(IX-2)

ACS

BnO
BnO

(IX)

where IX-1: R™=R"*=palmitoyl; IX-2: R"=H, R"=
palmitoyl.

Into 5 mL of dichloromethane, 20.3 mg (34.3 umol) of
3-0-(2,3,4-tri-O-benzyl-6-deoxy-6-acetylthio-a-D-
glucopyranosyl)-glycerol (VIII) were dissolved and then
19.4 ¢ (101 umol) of EDCI, 5.70 mg (46.7 umol) of DMAP,
and 14.1 g (54.9 umol) of palmitic acid were added. The
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solution was reacted at room temperature for 16 hours while
stirring. Thereafter, the reaction was quenched by adding 20
ml. of dichloromethane, and the reaction mixture was
washed with saturated aqueous sodium chloride (2x20 mL ),
dried over anhydrous sodium sulfate, filtered, concentrated
in vacuo, and applied to silica gel flash chromatography
(hexane:ethyl acetate=7:1—3:1) to separate and purify the
diester and monoester. The diester was obtained in 14.7 mg

(13.9 umol), while the monoester was obtained in 9.10 mg
(11.1 umol), with yield (total of both the esters) of 72.9%.

6-3-1) Step 1-1: Synthesis of 3-0-(2,3,4-tri-O-benzyl-6-
deoxy-6-sulfo-a-D-glucopyranosyl)-1,2-di-O-palmitoyl-
glycerol sodium salt (X-1)

AcCS

where R''=R**=palmitoy]l.

Into 7 mL of glacial acetic acid, 133 mg (125 umol) of
3-0-(2,3,4-tr1-O-benzyl-6-deoxy-6-acetylthio-a-D-
glucopyranosyl)-1,2-di-O-palmitoyl-glycerol (IX-1) were
dissolved and then 814 mg of potassium acetate and 228 mg
of OXONE were added. The solution was reacted for 16
hours at room temperature while stirring. Thereafter, the
reaction was quenched by adding 20 mL of cold distilled
water, and the reaction mixture was extracted with ethyl
acetate (5x20 mL ). The organic layers were combined,
neutralized with saturated sodium hydrogencarbonate (5x70
mL ), washed with saturated aqueous sodium chloride (2x60
mL), dried over anhydrous sodium sulfate, filtered, concen-
trated 1n vacuo, and purified by silica gel flash chromatog-
raphy (dichloromethane:methanol=10:1) to give 57.9 mg
(13.9 umol) of the title compound with yield of 43.4%.

6-3-2) Step 1-2: Synthesis of 3-0-(2,3,4-tri-O-benzyl-6-
deoxy-6-sulfo-a-D-glucopyranosyl)-1-O-palmitoyl-
glycerol sodium salt (X-2)

ACS
BnO
BnO 1-2
S

BnO
O/\{\ORIZ

ORll
(IX-2)
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-continued

where R*'=H, R'*=palmitoyl.

Into 2 mL of glacial acetic acid, 52.1 mg (63.5 umol) of
3-0-(2,3,4-tri-O-benzyl-6-deoxy-6-acetylthio-a-D-
glucopyranosyl)-1-O-palmitoyl-glycerol (IX-2) were dis-
solved and then 102 mg of potassium acetate and 116 mg of
OXONE were added. The solution was reacted at room
temperature for 16 hours while stirring. Thereafter, the
reaction was quenched by adding 15 mL of cold distilled
water, and the reaction mixture was extracted with ethyl
acetate (5x20 mL). The organic layers were combined,
neutralized with saturated sodium hydrogencarbonate (5x70
mL), washed with saturated aqueous sodium chloride (2x60
mL), dried over anhydrous sodium sulfate, filtered, concen-
trated 1n vacuo, and purified by silica gel flash chromatog-
raphy (dichloromethane:methanol=10:1) to give 35.1 mg

(42.4 umol) of the tile compound with yield of 66.8%.

6-4-1) Step j-1: Synthesis 3-O-(6-deoxy-6-sulfo-a-D-
glucopyranosyl)-1,2-di-O-palmitoyl-glycerol sodium salt
(XI-1)

NaQO3S
BnO .
BnO 1-1
—_—
BnO
0 /Y\OR12
OR!1
(X-1)
NaQO3S
O
HO HO
HO
5 /\{\OR i
OR!!
(XI-1)

where R, R**=palmitoyl.

Into 50 mL of ethanol, 359 mg (330 umol) of a sodium salt
of 3-0-(2,3,4-tri-O-benzyl-6-deoxy-6-sulfo-a-D-
glucopyranosyl)-1,2-di-O-palmitoyl-glycerol(X-1) were
dissolved and then 1.30 g of Pd-C were added. After
substitution of the atmosphere in the flask with H,, the
solution mixture was reacted at room temperature for 16
hours while stirring. Then, the reaction mixture was filtered
with suction, concentrated in vacuo, and purified by silica
gel flash chromatography (dichloromethane methanol=
10:1—dichloromethane:methanol:water=65:25:4) to give
129 mg (168 umol) of the title compound with yield of
50.9%.
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6-4-2) Step j-2: Synthesis of 3-O-(6-deoxy-6-sulfo-a-D-
glucopyranosyl)-1-O-palmitoyl-glycerol sodium salt (XI-2)

NaO5S

BnO .
BnO 1-2
S
BnO
5 /\{\ORB
ORU
(X-2)
NaO,S
O
HO HO
HO
b /\{‘\OR12
OR!
(XI-2)

where R™'=H, R**=palmitoyl.

Into 25 mL of ethanol, 202 mg (238 mol) of a sodium salt
of 3-0-(2,3,4-tri-O-benzyl-6-deoxy-6-sulfo-a-D-
glucopyranosyl)-1-O-palmitoyl-glycerol (X-2) were dis-
solved and then 1.00 g of Pd-C was added. After substitution
of the atmosphere in the flask with H,, the solution was
reacted at room temperature for 16 hours while stirring.
Thereafter, the reaction mixture was filtered with suction,
concentrated 1n vacuo, and purified by silica gel flash
chromatography (dichloromethane:methanol=
10:1—dichloromethane:methanol:water=65:25:4) to give
57.2 mg (168 umol) of the title compound with yield of
43.3%.

<Example 7: Synthesis of 3-O- (6-deoxy-6-sulfo-a.-
D-glucopyranosyl)-1,2-di-O-oleoyl-glycerol sodium
salt (XI'-1) and 3-O- (6-deoxy-6-sulfo-a-D-
glucopyranosyl)-1-O-oleoyl-glycerol
sodium salt (XI'-2)>

From 2,3,4-tri-O-(t-butyldimethylsilyl)-6-deoxy-1-O-(2-
propenyl)-6-acetylthio-a-D-glucose (VII') obtained in
Example 5, a sulfoquinovosylacylglycerol derivative was
synthesized through the steps g'—'.

7-1) Step g': Synthesis of 3-0-[2,3,4-tri-O-(t-
butyldimethylsilyl)-6-deoxy-6-acetylthio-a-D-
glucopyranosyl |-glycerol (VIII')

AcS
O g’
TBDMSO i
TBDMSO
TBDMSO

o/\/
(VID')
ACS

TBDMSO
TBDMSO

TBDMSO
O OH

OH
(VIIT')
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Into a mixture of t-butanol and H,O (=4:1), 5.6 g (9.02
mmol) of 2,3,4-tr1-O-(t-butyldimethylsilyl)-6-deoxy-1-O-
(2-propenyl)-6-acetylthio-a-D-glucose (VII') were dis-
solved and then 1.5 g of trimethylamine N-oxide dihydrate
and 15 mL (0.04 M) of a t-butanol solution of osmium
tetraoxide were added. The solution was reacted at room
temperature for 22 hours while stirring. Thereafter, 15 ¢ of
activated carbon were added, and the reaction mixture was
allowed to stand while stirring for 1.5 hours to adsorb the
osmium tetraoxide on the activated carbon. After filtration
with suction, the reaction was quenched by adding 200 mL
of cold distilled water, and the reaction mixture was
extracted with ethyl acetate (3x200 mL). The organic layers
were combined, washed with saturated aqueous sodium
chloride (2x300 mL), dried over anhydrous sodium sulfate,
filtered, concentrated in vacuo, and purified by silica gel
flash chromatography (hexane:ethyl acetate=3:1—2:1) to
give 5.2 g (7.94 mmol) of the title compound with yield of

88.0%.

7-2) Step h': Synthesis of 3-0-[2,3,4-tri-O-(t-
butyldimethylsilyl)-6-deoxy-6-acetylthio-a-D -
glucopyranosyl ]-1,2-di-O-oleoyl-glycerol (IX'-1) and 3-O-
[2,3,4-tr1-O-(t-butyldimethylsilyl)-6-deoxy-6-acetylthio-c.-
D-glucopyranosyl]-1-O-oleoyl-glycerol (IX'-2)

ACS
O
TBDMSO h'
TBDMSO — =
TBDMSO
O OH
OH
(VI
ACS
O
TBDMSO
TBDMSO
TBDMSO
O OR1?
ORll
(IX")

where IX'-1: R"'=R"™=o0leoyl; IX'-2: R"=H, R'*=0leoyl.

Into 20 mL of anhydrous dichloromethane, 1.37 g (2.09
mmol) of 3-0-2,3,4-tri-O-(t-butyldimethylsilyl)-6-deoxy-
6-acetylthio-a-D-glucopyranosyl)-glycerol (VIII') were dis-
solved and then 1.46 ¢ of EDCI, 538 mg of DMAP, and 660
mg of oleic acid were added. The solution was reacted at
room temperature for 16 hours while stirring. Thereafter, the
reaction was quenched by adding 200 mL of
dichloromethane, and the reaction mixture was washed with
saturated aqueous sodium chloride (2x100 mL), dried over
anhydrous sodium sulfate, filtered, concentrated 1n vacuo,
and purified by silica gel flash chromatography
(hexane:ethyl acetate=20:1—10:1—7:1) to give 772 mg
(652 umol) of the diester and 895 mg (974 umol) of the
monoester, with yield (total of both the esters) of 78.0%.
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7-3-1) Step 1'-1: Synthesis of 3-0-[2,3,4-tr1-O-(t-
butyldimethylsilyl)-6-deoxy-6-sulfo-a.-D-glucopyranosyl |-
1,2-di-O-oleoyl-glycerol sodium salt (X'-1)

ACS
O
TBDMSO 1
TBDMSO —
TBDMSO
O OR!2
ORll
(IX'-1)
NaO;S
O
TBDMSO
TBDMSO
TBDMSO
O OR1!2
ORll
(X'-1)

where R™=R"'*=0leoyl.

Into 28 mL of glacial acetic acid, 566 mg (478 umol) of
3-0-[2,3,4-tri-O-(t-butyldimethylsilyl)-6-deoxy-6-
acetylthio-a-D-glucopyranosyl |-1,2-di-O-oleoyl-glycerol
(IX'-1) were dissolved and then 3.2 g of potassium acetate
and 980 mg of OXONE were added. The solution was
reacted at room temperature for 6 hours while stirring.
Thereafter, the reaction was quenched by adding 15 mL of
cold distilled water, and the reaction mixture was extracted
with ethyl acetate (5x20 mL). The organic layers were
combined, neutralized with saturated sodium hydrogencar-
bonate (5x70 mL), washed with saturated aqueous sodium
chloride (2x60 mL), dried over anhydrous sodium sulfate,
filtered, concentrated 1n vacuo, and purified by silica gel
flash chromatography (dichloromethane:methanol=
50:1—10:1) to give 152 mg (126 umol) of the title com-
pound with yield of 26.4%.

7-3-2) Step 1'-2: Synthesis of 3-0-[2,3,4-tri-O-(t-
butyldimethylsilyl)-6-deoxy-6-sulfo-a.-D-glucopyranosyl |-
1-O-oleoyl-glycerol sodium salt (X'-2)

ACS
O
TBDMSO -2
TBDMSO i
TBDMSO
O OR!?2
ORll
(IX'-2)
NaO;S
O
TBDMSO
TBDMSO
TBDMSO
O OR1?
ORll
(X'-2)

where R*'=H, R'*=oleoyl.

Into 3.5 mL of glacial acetic acid, 21.4 mg (23.2 umol) of
3-0-[2,3,4-tri-O-(t-butyldimethylsilyl)-6-deoxy-6-
acetylthio-a-D-glucopyranosyl]-1-O-oleoyl-glycerol (IX'-
2) were dissolved and then 500 mg of potassium acetate and
35.4 mg of OXONE were added. The solution was reacted
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at room temperature for 6 hours while stirring. Thereafter,
the reaction was quenched by adding 15 mL of cold distilled
water, and the reaction mixture was extracted with ethyl
acetate (5x20 mL). The organic layers were combined,
neutralized with saturated sodium hydrogencarbonate (5x70
mL), washed with saturated aqueous sodium chloride (2x60
mL), dried over anhydrous sodium sulfate, filtered, concen-
trated 1n vacuo, and purified by silica gel flash chromatog-
raphy (dichloromethane:methanol=50:1—20:1) to give 7.70
mg (8.13 umol) of the title compound with yield of 34.9%.

7-4-1) Step j'-1: Synthesis of 3-O-(6-deoxy-6-sulfo-a-D-
glucopyranosyl)-1,2-di-O-oleoyl-glycerol sodium salt (XI'-
1)

NaO;S
O
TBDMSO i1
TBDMSO -
TBDMSO
O OR1?
ORll
(X'-1)
NaO;S
O
HO 41
HO
L /\{\ORB
ORll
(XI'-1)

where R™, R**=oleoyl.

Into 5 mL of a mixture of acetic acid, tetrahydrofuran,

trifluoroacetic acid and water (3:1:0.4:1), 214 mg (176
umol) of a sodium salt (X'-1) of 3-0O-[2,3,4-tri-O-(t-
butyldimethylsilyl)-6-deoxy-6-sulfo-a.-D-glucopyranosyl |-
1,2-d1-O-oleoyl-glycerol were dissolved. The solution was
reacted at room temperature for 16 hours while stirring, and
the reaction mixture was extracted with ethyl acetate (3x10
mL). The organic layers were combined, washed with satu-
rated sodium chloride solution (2x20 mL), dried over anhy-
drous sodium sulfate, filtered, concentrated 1n vacuo, and
purified by silica gel flash chromatography
(dichloromethane:methanol=

10:1—dichloromethane:methanol:water=65:25:4) to give

84.1 mg (99.1 umol) of the title compound with yield of
56.3%.

7-4-2) Step j'-2: Synthesis of 3-O- (6-deoxy-6-sulfo-a-D-
glucopyranosyl)-1-O-oleoyl-glycerol sodium salt (XI'-2)

NaO3S
(X'-2)
TBDMSO
TBDMSO
TBDMSO o/\{\ ORl2 > 2
ORll
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-continued
NaO1S
HO o
HO
HO O/Y\ OR12

ORll

where R''=H, R'*=oleoyl.

Into 7 mL of a mixture of acetic acid, tetrahydrotfuran,
trifluoroacetic acid and water (3:1:0.4:1), 358 mg (378
a sodium salt of 3-0-[2,3,4-tri-O-(t-
butyldimethylsilyl)-6-deoxy-6-sulfo-a.-D-glucopyranosyl |-

umol) of

1-O-oleoyl-glycerol (X'-2) were dissolved. The solution was
reacted at room temperature for 16 hours while stirring, and
the reaction mixture was extracted with ethyl acetate (3x10
mL). The organic layers were combined, washed with satu-
rated sodium chloride solution (2x20 mL), dried over anhy-

drous sodium sulfate, filtered, concentrated in vacuo, and
purified by silica gel flash chromatography
(dichloromethane:methanol=

Compound

SQAG 3
SQAG 5
SQAG 7
SQAG Y

10

15

20

25

RlDl_

CH,(CH,),4,CO—
CH,(CH,),,CO—
CH,(CH,),,CO—
CH,(CH,),sCO—

10:1—dichloromethane:methanol:water=65:25:4) to give >0

138 mg (237 wumol) of the title compound with yield of
62.7%.

<Example 8: Synthesis of a 3-O-(6-deoxy-6-sulfo-
B-D-glucopyranosyl)-1-O-palmitoyl-glycerol
sodium salt>

Using 2,3,4-tri-O-benzyl-1-O-(2-propenyl)-6-0O-(4-
tolylsulfonyl)-p-D-glucose, which has been obtained in the
step ¢ 1n Example 1, the same manners as in the step { in
Example 4, as well as the steps g, h, 1-2 and -2 1n Example
6 were carried out to yield 1.52 mg (3.10 umol) of the title
compound as a white crystal, with yield of 22.5%. Melting
point: 80-82° C.; [a],,=+0.4° (CHCL,).

FIG. 5 is a chart of "H NMR (75 MHz, CDCL,) in which

tetramethylsilane was used as an 1internal standard
substance, while FIG. 6 is a chart of *>C NMR (300 MHz,

CDCL,) of the compound obtained.
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<Assay 1>

Mixed lymphocytes reaction

Lymphocytes serving as stimulator cells and responder
cells were prepared from blood taken from individual
healthy persons.

The responder cells were further separated from the
lymphocyte cells to give T lymphocytes alone.

No treatment was applied to the responder cells. 10°/mL
of the stimulator cells were treated with 10 ug/mL of
mitomycin C to stop the cell growth. Thereafter, the stimu-
lator cells were washed with PBS (phosphate buffer saline)
4 times.

Subsequently, the responder cells were 1noculated at a rate
of 10° cells per well and then test substances (compounds
SQAG 3, SQAG 5, SQAG 7, and SQAG 9 listed 1n Table 6
below) were added to a predetermined concentration. The
reaction mixture was cultured at 37° C. for one hour.
Thereafter, the stimulator cells were added at a rate of 10°
cells per well. The mixture was cultured 1n a CQO, incubator
at 37° C. for 4 days. After the incubation, the proliferation
ability of the responder cells was quantified as follows. First,
[H]-thymidine was added to the responder cells and incor-
porated 1nto the nucleus of the cells by culturing the cells for
12 hours. Then, the amount of [°H]-thymidine uptake into
the cells was determined by a scinftillation counter.

TABLE 6
(1-1)

O H H H

O—C—(C—C—H

g |

H ORjpy ORjgy

OH

OH
OH

Bonding between
glucose and

glyceride

R1 02"

CH,(CH,),,CO— o
CH,(CH,),,CO— a
CHB (CHE) 14CO_ I?)
CH3 (CHE) 16CO_ ﬁ

The results are shown 1n FIGS. 1-4.

FIGS. 1-4 show the amounts of [°H]-thymidine uptake
when SQAG 3, SQAG 5, SQAG 7, and SQAG 9 are added.
The lower the amount of [°H]-thymidine uptake, the higher
the immunosuppressive activity. In each of the FIGS. 1-4,
the vertical axis indicates the intensity of radioactivity and
the horizontal axis indicates the concentration of the test
substance.

As 1s apparent from FIGS. 1-4, all test substances have
significant 1mmunosuppressive activities. In particular,
SQAG 9 has a considerably higher immunosuppressive
activity than other compounds.

<Assay 2>
Rejection test 1 skin graft

ACI rats and LEW rats were prepared and subjected to
inhalation anesthesia of ether. After shaving the dorsum of
each ACI rat, posterior lateral skin (1x1 cm) was removed
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to form a skin-flayed wound, and then a hemostatic treat- <Assay 3>

ment was performed. On the other hand, a piece of skin (1x1

cm) was obtained from the tail of each LEW rat. The donor An assay on 1nhibitory effect against a DNA polymerase
skin was applied to the skin-flayed wound of each ACI rat a. was carried out 1n the following manner.

and sutured with 5-0 nylon sutures. Then, gauze was applied s

to the surgically operated portion and a corset with a rubber 0.05 U of a DNA polymerase o 1solated from the bovine
bandage was further attached thereon to protect 1t. Such a thymus and purified with an antibody column was mixed
skin transplantation operation was applied to all ten ACI rats with each of compounds SQAG 1 to SQAG 14 listed in
in the same manner. Of the ten ACT rats, five rats were Table 1 above, each of which was dissolved in DMSO. Each

selected at random and classified as a control group, and the
remaining five rats were classified as a test group to which
test substances are to be administered. To the control group,
10 mL of physiological saline was intraperitoneally mnjected
daily for five days after the surgery. To the test group, 10 mL
solution of SQAG 9 dissolved 1n physiological saline at a
concentration of 1 mg/mlL was inftraperitoneally injected

daily for five days after the surgery in the same manner as py 4 Jiquid scintillation counter. The amount of enzymati-

in the control group. cally synthesized dTTP was calculated as a radiation dose
On the seventh day after the operation, a graft was taken (cpm) of [BH]

fo prepare a tissue specimen. Subsequently, H-E staining
was performed 1n accordance with the method of Fujita et al. The results are shown as IC., 1n Table 7 below.

10 mixture was added with a buffer of an 1norganic salt nec-
essary for the enzymatic reaction, [°"H]-labeled dTTP, and a
compound for reaction containing a template DNA chain,
and was incubated at 37° C. for 60 minutes.

15 After the enzymatic reaction was stopped, the resultant
product was fixed on a dedicated filter to make measurement

TABLE 7

Inhibition Activity against DNA Polymerase «

SQAG  SQAG  SQAG SQAG SQAG SQAG SQAG SQAG SQAG SQAG SQAG SQAG SQAG SQAG

Compound 1 2 3 4 5 6 7 8 9 10 11 12 13 14
IC,, 0.80 4.50 0.40 3.50 0.30 2.40 0.30 4.00 0.30 3.00 1.20 1.00 1.00 1.00
(ug/mL)

(T. Fuyjita, S. Takahashi, A. Yagihashi, K. Jimbow, N. Sato, As 1s clear from Table 7, the compounds subjected to the

Transplantation, vol. 64, 922-925, 1997). The results were assay exhibited different inhibitory activity levels, i.e., from
histologically examined. 25 low levels to high levels, against the DNA polymerase c.
As a result of histological observation, it was confirmed
that the epidermal layer was removed from the dermis 1n all
five rats of the control group, and that necrosis of the
epidermis had occurred. In contrast, necrosis of the epider-

Colon cancer cells and gastric cancer cells used in the
following two assays are merely examples of cancer cells for
which the anticancer agent of the present invention 1s

mal layer was observed in three out of five rats in the SQAG cffective. Thus, these assays are not intended to limit cancer
9 administered group. However, in the remaining two rats, 40 cells for which the anticancer agent of the present invention
it was observed that some parts of the epidermis successtully 1s elfective.

adhered to the derims even though other parts of the epi-
dermal layer were partly removed from the dermis.

The present inventors consider that the skin graft rejection
test 1s the most stringent method of evaluation for an 45
immunosuppressive activity. It 1s considered that rejection
occurred most severely when transplantation was made
between the ACI series rats and the LEW series rats, as used
in this assay. However, under such stringent conditions, the
activity for suppressing the rejection was observed in two
out of five rats in this assay. This fact demonstrates that
SQAGs of the present invention are highly effective as an
immumosuppressive agent. and myeroma.

In addition, none of the rats administered with SQAGs <Assay 4>

died from acute toxicity during the test period. Neither s An assay on anticancer activity against cultured colon

weight reduction nor malphysical conditions were visually ™ cancer cells was carried out in the following manner.
observed. No abnormality was observed with respect to

major organs 1n general pathological tests. It 1s therefore
demonstrated that the immunosuppressive agents of the
present invention are extremely low 1n toxicity.

Of the commercially available immunosuppressive 6V

agents, a few (e.g., FK506) are known as effective in . . .
suppressing rejection in skin graft tests. However, highly and then was cultivated 1n a 96-well plate together with the

3
effective immunosuppressive agents low 1n toxicity have not cancet cells at 3x107 cells/well. After the culture has been
yet been reported. incubated for 48 hours, the MTT assay (Mosmann, T:

In the following assays, each of the sulfoquinovosyla- 65 Journal of immunological Method, 65, 55-63 (1983)) was

cylglycerol derivatives used was a mixture of S- and carried out to compare viability rates.
R-configurations. The results are shown as IC., 1n Table 8.

Examples of other cancer cells include those of esoph-
ageal cancer, gastric cancer, colon cancer, including those at
colon and recta, thyroid cancer, bladder cancer, kidney
cancer, prostatic cancer, malignant lymphoma, brain tumor,
lung cancer, laryngeal cancer, pharyngeal cancer, hepatic
cancer, gallbladder cancer, bile duct cancer, pancreas cancer,
breast cancer, uterine cancer, ovarian cancer, vaginal cancer,
leukemia, childhood cancer, skin cancer, osteosarcoma,
50 tongue cancer, cancer of small intestine, penile cancer,

urethral cancer, ureteral cancer, testicular cancer, thymoma

Colon cancer cells DLLD-1 were maintained and subcul-
tured in RPMI 1640 medium (containing 10% calf serum).
Each of compounds SQAG 1, SQAG 2, SQAG 4, SQAG 6,
SQAG 8§, SQAG 11, SQAG 12, SQAG 13 and SQAG 14

shown 1n Table 1 was suspended and diluted 1n the medium,
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TABLE 8

Anti-Cancer Activity against
Colon Cancer Cells

40

SQAG  SQAG  SQAG  SQAG SQAG SQAG SQAG SQAG SQAG

Compound 1 2 4 6 8 11
[C., 38 40 31 30 42 28
(ug/mL)

As 1s clear from Table 8, all of the compounds tested have
a significant anticancer activity against the colon cancer
cells.

It can be considered that each of the compounds inde-
pendently has an anticancer activity equal to or more than
that of a mixture of the sulfoquinovosylacylglycerol deriva-
tives disclosed by Sahara et al. (British journal of cancer, 75

(3), 324-332 (1997)) described previously.
<Assay 5>

An assay on anficancer activity against cultured gastric
cancer cells was carried out 1n the same manner as in the
assay 4 except that gastric cancer cells NUGC-3 were used
instead of the colon cancer cells DLD-1.

The results are shown as IC, 1n Table 9.

TABLE 9

Anticancer Activity against Gastric Cancer Cells

12

20

15

20

13 14

20 18

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the present
invention 1n its broader aspects 1s not limited to the speciiic
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
ogeneral inventive concept as defined by the appended claims
and their equivalents.

What 1s claimed 1s:

1. A method for immunosuppression 1n a subject com-
prising administering to the subject in need thereof, an
immunosuppressively effective amount of at least one sul-

foquinovosylacylglycerol compound represented by for-
mula (1-1):

SQAG  SQAG  SQAG  SQAG SQAG SQAG SQAG SQAG SQAG

Compound 1 2 4 6 8 11
ICs, 32 40 40 37.5 50 24
(#g/mL)

As 1s clear from Table 9, all of the compounds tested have
a significant anticancer activity against the gastric cancer
cells.

It can be considered that each of the compounds tested
singly has an anticancer activity equal to or more than that
of a mixture of the sulfoquinovosylacylglycerol derivatives
disclosed by Sahara et al. (British journal of cancer, 75 (3),
324-332 (1997)).

The sulfoquinovosylacylglycerol derivatives represented
by Formula (1) which are used as effective ingredients in the
anticancer agent of the present invention have an inhibitory
effect against DNA polymerase o (see the Assay 1). It is
known that there are DNA polymerases p, v, 0 and €, in
addition to the DNA polymerase o. Among these DNA
polymerases, the ¢ and € are biochemical analogues to the o.
The biochemical analogues mean that they are common 1n
enzymatic functions as follows. (1) Existence or non-
existence of sensifivity to a specific compound: For
cxample, these three types of DNA polymerases have sen-
sitivity to N-ethylmaleimide and butylphenyl-dG'TP, but do
not have sensitivity to dideoxy TTP (ddTTP). (i1) Fidelity:
They have high accuracy in DNA synthesis with respect to
a template DNA. (ii1) Reaction site: These three types of
DNA polymerases are directly involved in DNA replication
which 1s co-operated with cell division.

The DNA polymerase o (including 0 and € as biochemical
analogues) is generally considered to control DNA synthesis
correspondingly to the cell cycle. The 1nventors consider
that the compounds represented by Formula (1) according to
the present invention have inhibitory activity against not
only the DNA polymerase o but also the DNA polymerases

O and e.

12

23

40

45

50

55

60

65

13 14
20 20
(1-1)
O H

—O)—T

OH R1g2 ORjio1

OH

wherein R, ,; represents an acyl residue of a higher fatty acid
represented by R—C(=0)—, wherein R represents an alkyl
or alkenyl group each having 13-25 carbon atoms, and R,
represents a hydrogen atom or an acyl residue of a higher
fatty acid represented by R—C(=0)—, wherein R' repre-
sents an alkyl or alkenyl group each having 13—25 carbon
atoms; or a pharmaceutically acceptable salt thereof.

2. The method according to claim 1, wherein the bonding
between sulfoquinovose and glycerol in the formula (1-1) 1s
in the a-anomeric confliguration.

3. The method according to claim 2, wherein R, of the
formula (1-1) represents an acyl residue of a higher fatty
acid represented by R'—C(=0)—, wherein R' represents an
alkyl or alkenyl group having 13-25 carbon atoms.

4. The method according to claim 3, wherein the acyl
residue of R,,, and R, 1s independently represented by
formula:

CH,(CH,),,CO—

wherein n 1s an 1nteger of 12-24.
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5. The method according to claim 2, wheremn R, of the
formula (1-1) represents a hydrogen atom.

6. The method according to claim 5, wherein the acyl
residue of R,,; 1s represented by formula:

CH,(OH,),CO—

wherein n 1s an 1nteger of 12-24.

7. The method according to claim 2, wherein R of R,
represents an alkenyl group having 13-25 carbon atoms, and
R, represents a hydrogen atom or an acyl residue of an
unsaturated higher fatty acid represented by R'C(=0)—,
wherein R' represents an alkenyl group having 13-25 carbon
atoms.

8. A sulfoquinovosylacylglycerol compound represented

by formula (1-2):

(1-2)
O H
| | H H H
HO—S—C—H ‘
\ ‘ O—C—C C—H
O O 2
OH H  ORjgy ORygy
OH

OH

wherein R,,, represents an acyl residue of a higher fatty
acid, and R, ,, represents a hydrogen atom or an acyl residue
of a higher fatty acid, or a pharmaceutically acceptable salt
thereof.

9. The sulfoquinovosylacylglycerol compound or a phar-
maceutically acceptable salt thereof according to claim 8,
wherein R,,; and R,,, independently represent an acyl
residue of a higher fatty acid represented by R—C(=0)—,
wherein R represents an alkyl or alkenyl group each having
13 —25 carbon atoms.

10. The sulfoquinovosylacylglycerol compound or a phar-
maceutically acceptable salt thereof according to claim 9,
wherein the acyl residue 1s represented by formula:

CH,(CH,), CO—

wherein n 1s an 1nteger of 12-24.

11. The sulfoquinovosylacylglycerol compound or a phar-
maceutically acceptable salt thereof according to claim 8,
wherein R, represents an acyl residue of a higher fatty acid
represented by R—C(=0)—, wherein R represents an alkyl
or alkenyl group each having 13-25 carbon atoms, and R,
represents a hydrogen atom.

12. The sulfoquinovosylacylglycerol compound or a phar-
maceutically acceptable salt thereof according to claim 11,
wherein the acyl residue of R, ,, 18 represented by formula:

CH,(CH,),CO—

wherein n 1s an integer of 12-24.

13. The sulfoquinovosylacylglycerol compound or a phar-
maceutically acceptable salt thereof according to claim 8,
wherein R, represents an acyl residue of an unsaturated
higher fatty acid represented by R—C(=0)—, wherein R
represents an alkenyl group having 13-25 carbon atoms, and
R,,, represents a hydrogen atom or an acyl residue of an
unsaturated higher fatty acid represented by R'—C(=0)—,
wherein R’ represents an alkenyl group having 13 -25
carbon atoms.

14. A pharmaceutical composition comprising a pharma-
ceutically effective amount of the sulfoquinovosylacylglyc-
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erol compound represented by the following formula (1-2)
or a pharmaceutically acceptable salt thereof:

(1-2)

O H

\ \ H H H
HO—S—C—H | ‘

\ ‘ O—C—C———C—H

O O | g

OH H  ORjg2 ORjyg1
OH
OH

wherein R, 4, represents an acyl residue of a higher fatty acid
represented by R—C(=0)—, wherein R represents an alkyl
or alkenyl group each having 13—-25 carbon atoms, and R,
represents a hydrogen atom or an acyl residue of a higher
fatty acid represented by R—C(=0)—, wherein R' repre-
sents an alkyl or alkenyl group having 13 —25 carbon atoms;
and a pharmaceutically acceptable excipient.

15. The pharmaceutical composition according to claim
14, wherein R,,, of the formula (1-2) represents an acyl
residue of a higher fatty acid represented by R'—C(=0)—,
wherein R' represents an alkyl or alkenyl group each having

13 —25 carbon atoms.

16. The pharmaceutical composition according to claim
15, wherein the acyl residue of R,,; and R,,, 1s indepen-
dently represented by formula:

CH,(CH,) CO—

wherein n 1s an integer of 12-24.

17. The pharmaceutical composition according to claim
14, wherein R, of the formula (1-2) represents a hydrogen
atom.

18. The pharmaceutical composition according to claim
17, wherein the acyl residue of R,,, 1s represented by
formula:

CH,(CH,),,CO—

wherein n 1s an 1nteger of 12-24.

19. The pharmaceutical composition according to claim
14, wherein R of R, represents an alkenyl group having
13-25 carbon atoms, and R,,, of the formula (1-2) repre-
sents a hydrogen atom or an acyl residue of an unsaturated
higher fatty acid represented by R'—C(=0)—, wherein R
represents an alkenyl group having 13 —25 carbon atoms.

20. The sulfoquinovosylacylglycerOl compound or a
pharmaceutically acceptable salt thereof according to claim
8, wherein R, represents an acyl residue of a higher fatty
acid represented by R—C(=0)—, wherein R represents an
alkyl or alkenyl group having 13 to 25 carbon atoms, and
R.,, represents a hydrogen atom or an acyl residue of a
higher fatty acid represented by R'—C(=0)—, wherein R
represents an alkyl or alkenyl group each having 13 to 25
carbon atoms.

21. The method according to claim 4, wherein n 1s 12, 14
or 16.

22. The method according to claim 6, wherein n 1s 12, 14,
16, 18, 20, 22 or 24.

23. The method according to claim 7, wheremn R, .,
represents an oleoyl group, and R, represents a hydrogen
atom or an oleoyl group.

24. The sulfoquinovosylacylglycerol compound or a phar-
maceutically acceptable salt thereof according to claim 10,
wheremn n 1s 12, 14, 16, 18 or 20.

25. The sulfoquinovosylacylglycerol compound or a phar-
maceutically acceptable salt thereof according to claim 10,
wherein n 1s 14 or 16.
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26. The sulfoquinovosylacylglycerol compound or a phar- 28. The pharmaceutical composition according to claim
maceutically acceptable salt thereof according to claim 12, 16, wherein n 1s 14 or 16.
wherein n 1s 14 or 16. 29. The pharmaceutical composition according to claim
27. The pharmaceutical composition according to claim 18, wherein n 1s 14 or 16.

16, wheremn n 1s 12, 14, 16, 18 or 20. % ok % %
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